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Study on Ultrasonic Refinement of Several
Commercial Magnesium Alloys

Abstract

Magnesium alloy has been extensively applied to many kinds of field including
automobile, electron, aviation and aerospace due to its light weight and high specific strength,
and was considered as the most lightweight construction materials worthy to be developed in
21th century. However, low strength feature of magnesium alloy has become a major
drawback of its application. Grain refinement is one of important way to improve its
mechanical properties because of lack of effective precipitation strengthening phase. Many
researches had shown that the solidification microstructure could be refined notably after its
metal melt after treated by ultrasonic field, so that ultrasonic field has a bright future in
microstructure refinement.

In this paper, macrostructure and microstructure, feature of precipitation phases,
mechanical properties of AZ and AS magnesium alloys were investigated their melts treated
by the continuous and the pulse ultrasonic fields through optical microscope, X-ray diffraction
analysis, energy spectrum analysis, Leica analyze software, SEM (SEDX) and so on. The
major conclusions were summarized as following:

(1) The solidification microstructures of magnesium alloys could be refined obviously
after their melts treated by the continuous or the pulse ultrasonic field. The effect of
ultrasonic treatment is related with the parameters of the applied ultrasonic filed including the
ultrasonic power (intensity), the treating time, the treating temperature, and the pulse width
and the pulse period of the pulse ultrasonic field.

(2) The better microstructures with refine grains of AZ80 magnesium alloys could be
obtained after their melt was treated by the continuous ultrasonic field in the condition of
high-power for short time or low-power for long time. And for AS41 alloy, there is an
optimum value of power or intensity, and the refinement effect improved continuously as

prolonging treating time when the power (or intensity) is 100W (or 14.1W/cm? ). The Mg,Si

-IJ-



R KLzt () #2

phase in AS41 alloy was refined continuously while increasing the ultrasonic power, however,

it seems that the there is a threshold value for treating time.

(3) The effects of ultrasonic power, treating time and treating temperature on the
microstructures of magnesium alloys as applying the pulse field to their melts were similar to
those of continuous field. Because the wide width or short period of the pulse ultrasonic field !
is equivalence to high time average power, the effect of increasing width or shortening period
of pulse filed is the same as the result of increasing apparent power.

(4) The lattice parameters of phases in magnesium alloys could be changed obviously
while their melts were ultrasonic treated. ~As prolonging treating time or increasing the pulse
ultrasonic power, the lattice parameters of B-Mg,7A1;in AZ80 alloy reduce first and then |
increase; and the effects on the lattice parameters of Mg,Si in AS41 alloy have the same
results.

(5) As AZ80 magnesium alloy melt was treated by ultrasonic field, the mechanical
properties of its cast alloy were improved greatly.

Keywords: Magnesium alloys, ultrasonic treatment, microstructure, mechanical properties
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ERBERESTIE, KRSEEMEZAER, EEZEMHERIL™E, —HHk
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Bk & SHLUE A EE KRN .
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X F RSB SRR A BT UG F 20 he 30 7F4R, 60 SERUWBLT &5,
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BB A SR ARTES R I & PRI TTRE T ) R R 2 18] .
BEHHERCABFLETERRT SREE BRI RNER, RN %EED
ETHOER 10 MBS E%E, ZIEFRE. Bit, RIAGEARERAEEH
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20 B/, FEIAR

AXERETEERT LEAZRAS RIS SR B A R AR E AL
Bett, FAIPHIT T A A SREARR S FERE W R S, IR B A%
[l 40 R B AR SR B BRI 5 S P AR o

AT HENARART LRSS AERRLRFMT OH M U R E R EN
AR RIEEAN, FLRNARBEENESSHITEERTLE, METFRER
BETHTARE, RRE. RRKEHARRREW0ES 2T CEN & &R0, |
MARR HEYRER R H: FIA Leica HAXT AZ80 Bk & &F B MM TFHRT R
AR BT AXERT —HHFHXTEHES SRS, TR T
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AR F LRI (£X) FoF FRAGFTERAER

B_E TWAHIRAR
2.1 TWHIMRI R EE

2.1.1 iR+ %

ERKIEFHOMERES S AZ80. AZ91 K AS4l, &&ib2msrngE 2.1~2.3,

R 2.1 AZ80 & SWFE AR
Table 2.1 Chemical composition (mass%) of AZ80 alloy
Element Al Zn Mn Fe Mg
Ingot 7.76 0.41 0.19 0.005 Bal.

R 22A291 e AR
Table 2.2 Chemical compositions (mass%) of AZ91 alloy
Element Al Zn Mn Fe Mg
Ingot 8.83 0.45 0.28 0.008 Bal.
R 23 AS41 OEF ALK
Table 2.3 Chemical compositions (mass%) of AS41 alloy
Element Al Si - Mn Mg
Ingot 4.1 1.1 0.22 Bal.

2.12 REES

(O A
® 0 ®
W\%E \4
@ || s
@
@
@
®J -
et B0 B Y RO
LRI EC A B I
L e s At
6.5 YUK T.AKe
K 2.1 BARRIEE

Fig. 2.1 Schematic illustration of configuration of ultrasonic apparatus
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K22 BAENERLS K23 HRREE
Fig. 2.2 Ultrasonic generator Fig. 2.3 Experimental device

K22 4 HN BAEKERAER, MU RKRIRMEREKINER 1500w fEL KB A
¥, B 23 3FEARREFE, BHEHRIBREMRP. TEFABNEE. HRSHKE
(CO.+0.5% SFg) B K& BAlHR. GHFE. HIRH. K. BPRURELTHE
B

22 REWARRFE

2.2.1 R REE

B R RS > EELE RHIY > R
A h 4
AL EUACRY S BERE
AR
EAE ik
XRD

Bl 2.4 LR
Fig. 2.4 The flow chart of experiment
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222 REHE
1. &8

KRB IFREESAREERAKAEImmEL T, &E8ommEL T HHE LUER H A
LR HHIR,
2. EE&TLE

ER TR AR F AR T — AR R, Bl REEEERNIREE
B, #EEHF— R AKRRRER NPT S AR, REESREELNZREFR
HiE; KR ARELRANAFHS U8R ERLRHELELRER, BFENZ
EENRGE SERE T H5KRERZIKINE R FEBE, FHEREP LA Q%L
RUBHLERLEN. RNRH LRSS KEM, BAHATZEME G HAEHETF
BRACER, BRABRTEK e HIRTSCI0 A B3t 388 S A1 AP B AR B 2 SR iR K R B
3. ST

BRI ER AR (LOAR40mm, KEHZ620mm) F, Ak
FIRA S000W G F BN P BT IS H, IR, H5 AR IBFFIZE 6000W () H BELAP o i 4,
BEAZ SR BEE B SABEAREEHERNBEN, BTy E, AINES
PER@MIPE, RELEREFEAEELD, TR EESKERE 2om £
f, RIEMBUERPRIEE; ETUERNEE, FEREF, SRS BEBRAKPAT.
HTEEES TRMMEL, Fril, FEBAELEZ i ERTRE, KK (CO+SF BE
SR o3, ARG S LR AT DR .

23 HEAMERBNGE
2.3.1 &R

SHLR ZA RSB ALEE N FBR, KBNS SMNHARFRERE
RIALUEATHI SAMEE, AR T HERAL. ERAZ LW T 8 Sk
23.1.1 EHRENG&

TEAZB0. AZ91. AS41H4EEE T v 3 ELAMEL (M B IWT T LDCHE (R R b Rl 2 1K),
R TR 7 2 — B A A LR EHIAKRE, AR R 40 Rl & ik 5.

KR IR AR TR SR P b e DA R i 8% K IR 2400, 1000, 1500, 2000 75 K



Rk Faedifit (#) FF FROFTEANE

B AE, WREESTE, KRNI A AR, K5 R THUb
% EEEEREMBEME, M RAT RN A BB NXE, KRB A T
SRR A SRR, RRERIOLE, WEEHE, FSRiEieEneREL
SRR, FRRBE R R0, B A B T B AR T T AT
BT, ASIRRTAZS0. AZ9LFT I B A 8% R IR R A, TR A T
155205, MEHLUE ST ENFERE VLR, BARKKIKT (AR), BEIRIETE R
B, LRATASHIA R AL .

2312 ERALNE

ALK HFAZI0. AZ91. ASAIE MG MR T AR M, AT —5/&
WA, FER150ml, ZMEAKSOml, KZBIiml; —SEMmA, HRE3g, HHKESOml, 7%
18KSml, KZE82.5ml. BT EREIEKRFERAZR THREmET, FREES)
T, BJE AN KK ZEBEEVH A AXKT, BaH AN SRMEN RS ATE
TR 4R
2.3.13 BRELRME

AL X AZ80. AZ91PT IR R A 8% R AVE K IR &V, Tt 18] 4 155—20s,
ErUE BN ik R T, BHRMALRT, BEIFURFFARAE. HTAS4H
KB BN LY RS REAEREEUE T EEREW, FlFsnxt
ASM AR AL . BiJE FLeica R B RESSMEMBR, BRKEASS K100
&, 200f%, 500f%.
2.3.1.4 BRIEMM

B0, BA&SAHSRGRRE R MM NEH T LR ik —ROT R R &SRR WS
5, BIGAREANZ0 [ v A0 28 B A PR AR TR i AU AT R T RO . ARATAS R B9 B B Gl
T, ERAORSEREREETROEEAL, BEELEEYEHERE SEM T
BATER . X7V R] DUR R L S0 AR AL AR AL, BARRELIN SRR . 55—y
RS SR, RE TG KA 7 aT LG ki 2, E
F AR SE AR R, SRARR, HSERTERA.

AU A S A RLRE I 7O A T B R Al JFRA T maC Mgy
o IR K 2.4,
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R K F LR (#£X) F—¥ FROTEAAE

# 2.4 BosRs

Table 2.4 Chemical composition of corrosive

WS JE& e e 43
1 K5 150m1+ 28 787K SOmI+YK L #81.2ml
2 R ER6.5g+ERE 100mI+ 718K 10ml+7K Z B85 ml
¢ 3 AR 1ml +Z — RZ60mi+Z& 18K 20mi+5K 2./ 20ml

K F Leica B B0 8 b J5 B REAT IR 6 O SR, &kt T 2 BBASTM E112-95
bRrE, KRB EX RREHTFE. BREBRHUNE=MFAMENRAE, WE2.S
P, ELEMEFAFEE R XM TRER O RN SATR A B RREE, R
JEXt R RERCEE. B E S EWT:

SR ERRTISBREKE L (R BTRK LS Ak

L=tr-1_1
N N P
L=
NM
AF: NoYBRAEL BRI SRR
Li AMER B KE;
Nl 2 2 F BRI SR 4L
MA K4

Py AT B2 BB RS R
B ERTURH AR P ER L 5RENEERCHAR THERA HXR.,
: 3 .
n

A==q L2
8

1 7.2
Ni===8/ (3nL.%
4

| G=108N8 5 324664108 L (mm)
. lOg 2
= -10-6.64 log L2 (cm)

Na 391 mm? I &R
Gl &R

Ak SRS HIRL
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Fig. 2.5 Schematic illustration of grain size measurement

232 F B (SEM) REGESH

ATHE AZ80. AZ91 EEFHHARTEETENE _MHI MR, #TTH
B (SEM) REREMHIER. FRAMIERER 15kV, Pl Sk b F AR
SRR AR TR, SHARE BT ERE R RE, TR REEH. W
A, BRREABIFEMBEKIERSREMIEHESESH X ALK e
RN NIERE BURRETEN i

2.3.3 XRD L&

HTEESHT AZSOR AS41 &P ARFTESHT MM K ERS&&FH
LRI, FH1TT XRD 2047, LB A REEF=H X SHEMHN LT BHAE:
10°~90° KA : 5%min; $Hf: Cudl; MEMIE: 40kV; {TLHH: 30mA,

2.3.4 hFEHEEMA RIS

PR H 2 R CURBUBYERE) 2 RIAEHE s ae MU R T, st PIFE.
Ak 2 R 2 5 AL LT T 7 8 A R B VB KM 8RR B RTE SR (KT AZ80ER
HE A MUAT R MR, R I G B 3 8O RVE R R T AL BRI AR -

$r 5 AP MO0 TR O MR RE, SRJE UHAT I R AR IR D R S Bl
HIGB228-87 M LiAFE, KAE T P2.6517R:
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E2.6 BARERS

Fig. 2.6 Specimen dimension for the tensile test
PSR MBI BT ekl LT . RASE R M B R, hiER A
0.5mm/min. FEE LRI/ ETAWBIRN L, BEEHEE, BaERER.

2.3.5 B ERAS BkEE A9 E

fkrt B I S Rk SRR R 7R A TEE IR E MR L5, ARG RIARNLHRS
iﬁ@'?ﬂﬁ ﬁ?bj}‘ﬁﬂ‘ﬁ K%%*”ﬂﬁ%*’ﬁ%ﬁﬂﬁﬁﬁ%ﬁﬁuTE%n—o

D=300us d=150pus

u"'ww'wﬁ““ww W b M M’IK"’ WW
¥

Bt 250

D=500us d=155ps D=510us d=70us
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2.7 4R A 115 Bk ok o B 50R
Fig. 2.7 Some measurement data of pulse width and period
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Rl XFRELEFT (£X) FEi¥ AYRFZTRBTRLLARGYh
FoE EEBRZENENGESEHREE

3.1 EEBENERNES S REHALZ G

3.1.1 EEBEIIE AZ80. AZI] #5 & REHLEE N

NTEEFFLEMMESALKRE, DERMAEENTZSH, CHEXR
AEsMALRE. AXEREESRRELES AT LENEEENRAALNEW
MR, AWHHAT AZ80. AZ91 HAEHBES FIFERALEELL L 40CH 80CHEAL
B —E Bt 65 (AZ80 MHZEE AN 610°C, AZ91 BAHKEEL R 595°C) A THE Xt
BEE AL A DR IEAE AR R IR E ok, WK AL MR E L.
3111 EEBEIHEN AZ80. AZ91 BIALRE N

i}% A AL S R e
%’;zﬁ.:; *i%‘@i‘ S e G R e
3.1 ELEE AR (1558 E &tﬂ;aw@ﬁAzsomﬁfﬂ,,\mféuﬂ(ﬁ;u S ﬂﬁ{ 650°C)

Fig. 3.1 Effect of ultrasonic power on the microstructure of AZ80 alloy after short time treatment (15s) of

continuous ultrasonic field (treating temperature: 650°C)

(a) without ultrasonic; (b) 32Wx15s; (c) 72Wx15s; (d) 226Wx15s
3.1 & 650°CH] AZ80 A& B ALBALENMAR RN ELBEFLHE 155 5
MEEASNSHB . HETR, REEHELHERE3.1()), AZ80 &&MEEANE
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Fab R FRLgt (£L) FE2¥ #4RFRFREFELSLUL YA

B i KSR B, 2R, B R FHERES 250um LLE; 32W(E
FEIRAER 4.5W/em)BHELHE 155 i, LA 3.10), HAALHLLTEFHARANL, &
GALUHRNH ., SBEHOIS, BRBNERERES, BRREETFHERDRHDE
170um BAF; AIhEMNT] 72W BEAEBREN 10.3Wem’), LE3.1c), ARHEH
fh, BUGTRE: BAEAENT, B ERSUESHECRAL: BEEEEEN P,
EB 226W BT GEAE RN 32.3Wem?), AE 3.1 (d), ARELHFMAL, WH

R

WYY M 3

~ b - o '
R DAY Y

O Y AN

= SINP S QPR

g LR ST
2 ASE PARAN e Ll
L E YN
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o

) / fg e
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l& 32 @;ﬂw &Bi(sosﬁl =] &tﬂiﬂrlﬂiﬁ AZ80 ﬁﬁﬁﬁﬂ,,\m%mﬂ(&;ﬁéhﬁ ﬂ;ﬁ 650 C)
Fig. 3.2 Effect of ultrasonic power on the microstructure of AZ80 alloy after long time treatment (50s) of
continuous ultrasonic field (treating temperature: 650°C)

(a) without ultrasonic: ; (b) 32Wx50s; (c) 128Wx50s; (d) 226Wx50s

B 3.2 £ 650C FARIBAERALE 50s Bt AZ80 A4 MEAAR. REBAELE
i, . 3.2(a), AZ80 S4MERAS X EHMBEAEXNBEREMMR: 32V BELHE
s0s B, WL 3.2(b), ALTHAREEML, FRKBOIRERELHER, A%
B EER, BALA N5, HEATFHARAN 130um; JLEHEME] 128W §,

W 32(c), AL, HHRASTNERE; WEERBE RSN, &3
226W B, WE 3.2(d), XBAALKRLERAMR, BEESRTHEREK, R
WIS R R, P WERZ% 180pm, ALUILLTE S LR /b,
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FRAIRGT (#X)

AN,

Kl 3.3 AZ80 L) Al JLE SEM 43l (BAZRHEM: 650T)
Fig.3.3 SEM images of AZ80 and the distributions of Al

_ (treating temperature: 650°C)
(a) without ultrasonic; (b) 32Wx50s; (c) 128Wx50s; (e) 226Wx50s

AZ80 BAEFM Al TEEASPRIBEFRLNER, JE8T Al FRET
10%8, BEEAET Al SRMMEM, AlZE o (Mg) HPHIEFEEHM, BUMREHE
215,

LA, AERHEERREAMIRTANENNTRNTE. HE
330 ATLAEH, BSUHEPHEAALRNZN pMgrAl i, BR T #5 Al HFE o (Mg)
HAk, K#5 Al 5 Mg REFEAL B- MgiyAly, T RS B2 aR o L #e
B N Al TEREFHTR, TESLER, §FAEENRE BMerAl) AR
(1 Al TERZ R KT 200, BEKHRI BMgA L) ST RERT Al TCR Lef 3t
BT 250, REEAT Al TELTBIEHE/NT 10, KESEELN 20; HEHE
B, Al TEMRERNHEMEN, RILRBHEHEN 32W LI 50s i, K5
FARELERRE BMgrAL TR Al TEEFHIEE DT 180, TREAF Al
TCERE AR R KR, LRIMMEMELE 30~50 2B, XHHERP Al THRTE
o, XEEELENG B(MgrAl ) ISR N REEMR, B pMerAl) BB
BRI Al £ EVEERAT, BIEA LR T Eika-Mg FIEWR: BEEBH DR |
K, Al TEARAPOERURES, RHEBADEMKE 26W M, &F5 K
Hikh Al TRE G A XERIE TR A B R &

‘ AZ80 FA & Zn TRASMIMBANTRATE, RENRAMT, =2 Zo M
i HRICT 2%0t, BAHIERGHIER, TLURRBHFOTUGENERE.

M Zn TEMERARTUESD , LE 34, TE Zn KL EEE p-MgyAlp &,
REMDM Zn BMIEERAD, BEBSHENMM, BRE o (M) EEFN Zn #
BEE . Bk, BAERTLEN Zn TESAMEWARRAE, XTRELHEN
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Fibk F LRt (1) ' % #4RERTAENULSEUR YR

Kl 3.3 AZ80 ALF I Al TT# SEM &1 (BARFHRE: 650C)
Fig.3.3 SEM images of AZ80 and the distributions of Al
_ (treating temperature: 650C)
(a) without ultrasonic; (b) 32Wx50s; (c) 128Wx50s; (e) 226Wx50s

AZ80 BAETH Al TEEASTEIEHRLNIER, S&8% Al SBET
10%0t, BEEAET Al SEMEM, Al o (Mg) HPHEREMM, BB
Z Wi,

ELPHE AP, 2eRNEERREPHIBTIMNENNTENSE. A
3.30 ATAE H, ST AEALNIZN BMgrAlH, BT #H2 ALBRE « (Mg)
Hikdh, K#2 Al 5 Mg RMERL B~ MgiAlyp, T EE &2 MG B R 02 B
Do M A TENEIHTR, THELCEN, &FEELEMIRE B(MgirAl )BT R
i Al TR ZAMIEHE KT 200, BABIRE BMgirA1 )X LT Al TTREAHEE
BB T 250, BEEAD Al TREEHEMAEDT 10, KEFTEELR 20; HnES
B, Al TENMMGREBNAEHEN, RELEEEN 32W L2 50s i, KEH
FATEEPRE BMgrAl )P RH Al TRLTHIEE/DT 180, TEAEP Al
TEELREE KRR, %A 30~50 28], XUHEAEP Al LE S 2
m, X5BELEE pMerAl B ERD ISR EEMAR, B pMgirAL) BT
B R Al 2 BEEARAS, BB LSBT T Eika-Mg MFERE: EBANE
R K, Al TEAEEEFREBYRES, RELBHFNERM KT 226W i, BFE
ik Al TR SR (EI9 R Tl A5 AL BRI AR A

AZ80 BA &M Zn TERBMB A RIE, REMERALF, 2 Zn B
HEIET 2%, CRABTIEERLKER, WTLURAHFMHERIEL.

M Zn TENEHAETUESD , LB 3.4, TE Zn KD EEE p-MgyAlp B,
RERDK Zn BREAREES, BEEBEDEAYM, BHRE o (Mg) EETH Zn
BRI, BEKE, BAERELEN ZIn TEMANEEARBREE, XAREEN
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3.4 AZ80 A1 Zn JTLE SEM HHH(BAEE: 650C)
Fig.3.4 SEM images of AZ80 and the distributions of Zn
(treating temperature: 650C)
(a) without ultrasonic; (b) 32Wx50s; (c) 128Wx50s;  (€) 226Wx50s

AZ80 SE&MTHALEER o (M) HF pMgrAlH, &&KRILHA

B(Mgi7Al12)-B(Mg7A L )T AN & & i % REE B BRI WM. T f(MgnAlp)
S RAN SEEMERRR, YALUPEARERRIRE BMerAl)HER SR,
Matkf BMeisAly) A a(M A SR LA 55 RAIE M B LTI R RIEE),
— B4 DR B TR BTN, BARKLEMIEN pMgnAl ) ML, FREEHN
F12EHE B AR R B B(MgirA 1) 4/ B2 SR ECIRHT H TR B R R B AF, RAR
THARABET AR BN KE AN, WA T &4MERE S8,

& 3.5 & AZ80 & &1 AR AR B A th R R E i 8 5 % e O F AL O A £169 SEM
E%, BOKESCh 200 8. BARBEPOREBMAENEH=K, REFHH PP KX
MR (306800pm?) B AEAMNBRITF RSH# AT, Gt RAK 3.1, HE
3.5 W, RIEEHELERN AZ80 4&HNHRANTEE T KENHBREKIRE
B(Mgi Al B Rt RILEY, HIEREEMRI AT RFL. & Leica R4, K
VAR AL TERS AZ80 S&ALIFRAIEAR BMerAl AN S FEIRT 2514 869
AN306800um?® 5 42.1ym; BELE R 32W GBARE N 4.6W/em®) AEFERT )% 50s B,
ELEPRE B(MeAl BRI AL BN, FHETHERT B HAFRRE
A, RN B MR/ EUEME 1028 4+/306800um?, 3R I FEF 24.8um’ ;
B AR CHEE T 128W B, KERELN ARSI B ARW K, B B HMTFIRTH
HEF, BLERA B HANIFGERD: L@A R E 226W B, Blrﬁﬂﬁilziiﬁﬁ'ﬂ
EAIERERIA AR, BAERK B AN REUARRIE. BAERA B HNAK
SRR R BN ERmE 3.6 58 3.7 Fir.
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bk FREiEt (#£%)

] 3.5AZ80 & &HALRF
Fig.3.5 SEM micrographs of AZ80 alloy in the center of samples
(treating temperature: 650°C)
(a) without ultrasonic; (b) 32Wx50s; (c) 128Wx50s; (e) 226Wx50s

% 3.1 B HENM BRI PR GHR
Table 3.1 Statistic data of quantity and average dimension of B phase
Condition field A B/pm® A B/um?
number (mean) (mean)

Without 1 956 43.2
ultrasonic 2 881 359 869 42.1

650°C 3 769 472

32Wx50s 1 991 29.5
650°C 2 984 ' 22.8 1028 24.8

3 1110 222

128Wx50s 1 931 25.7
650°C 2 941 25.7 934 26.7

3 929 28.6

226 Wx50s 1 956 34.6
650°C 2 978 35.2 923 36.3

3 833 39.2

fE: A-Amount of B phase in the field; B- Average area of B phase in the field;
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Fig.3.7 The effect of power of continuous ultrasonic on the average
quantity of B phase in the field (306800pm*)
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&l 3.7 ESBAY R BAHERN (306800pm?) B TR THIZW XA
Fig.3.7 The effect of power of continuous ultrasonic on the average
dimension of B phase in the field (306800pum’)
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Fig. 3.8 Effect of ultrasonic power on the microstructure of AZ91 alloy after treatment of continuous

ultrasonic field (treating temperature: 650°C)

(a) without ultrasonic; (b) 72Wx50s; (c) 126Wx50s; (d) 408Wx50s; (e) 652Wx50s
E3.8 4675 CRARIBA NELELEH FAZIEEMBESHN. HESHELA
(Mg) EBEAERESE, ol RRAELEMR AP (Mgl7A112) H, PARHAifEa
R M MIM- AW A YR S . E3.8()R RIEBALERAZIIMESASE, HE
A RZA LS RERR AR G40, BARGFHYERET2000m £, BESXN
AR AT B hE AT2WALERRT 8] B 50sRY, JHLEE3.8(b), AZI1A &M EMALEE
THANENBE, HENEHRALITE, KPR, SRABBLED,
HAThE B 126 WAL R (8] H50shf, HE3.8(c), EENALBUAIRBHE, BHER



Fab kit (#X) =¥ S4REZEFAESELSLULNTY

2N, AORAEHRIGEHEHRAL MR, BHMBEFKRMES: HBFT)

ERMFA08WH, &E&MAREE LM RMEHRAFAFEE, ERBPLURTHGRE

B BEBENEHE —SHMB62WH, AZIESHALF I T B RERBN R

R, KRESHZLR™E, AEBRKIRY, BB FHEREAZE200umEE, B
AR EGERTE, KEERLENA/NEE.

3.1.1.2 EEREIE AZ80 R REREWE

E3 9 ﬁ;@sﬁw %ﬂfn‘(l55)2?ﬁ&tﬂ:BTIJJEXTAzsoAﬁmhtEE’J%m(ﬁﬁ @'ﬁﬂiﬁ 650°C)
Fig.3.9 Effect of ultrasonic power on the grain size of AZ80 alloy after short time treatment (15s) of
continuous ultrasonic field
(a) without ultrasonic; (b) 32Wx15s; (c) 72Wx15s; (d) 226Wx15s
% 3.2AZ80 & & FIRRLR T RECR B R RE 551
Table 3.2 Average grain size and its corresponding grade of AZ80 alloy

a b c d
R /um 231.5 151.7 144.7 135.2
AR G 1.0 2.2 23 25
[ 4
=30-




FIRFRLiZF (8L) PE¥ RYREFHFAEAREALUERN YN

£ R e 100w, T f ‘ o JRC 7 400u
E3.10 E4BAE KR (S0s) R E BN I EXTAZS0E SR BN EMEBHEZREIRE: 650C)

Fig.3.10 Effect of ultrasonic power on the grain size of AZ80 alloy after long time treatment (50s) of
continuous ultrasonic field (treating temperature: 650°C)
(a) without ultrasonic; (b) 32Wx50s; (c) 128Wx50s; (d) 226Wx50s
3.3 AZ80 & & PEIRRL R T R xS Y okt 48 5
Table 3.3 Average grain size and its corresponding grade of AZ80 alloy

a b c d
#a R /um 231.5 136.4 176.2 180
mbiEER G 1.0 25 1.8 1.7
250+ mw T=650°C
y t=15s
g 2001 mm T=650°C
3 t=50s
(3]
-3 150
k=
% 100-
%
g
2 50
<
0 32 72 128 226
Power/W

3.1 LB TEXAZ0S & RRE MW
Fig.3.11 Effect of continuous ultrasonic power on the the grain size of AZ80 alloy
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Ak FELiEHt (L) Bo¥ G ERTRE LS LWL TR

& 3.9 FE 3.10 E/RHIRE 650CH AZ80 & &AL AR A TE AT L H 5K
FAEME . FHSRERNSNERPMENE 3.2 1R 33, FHRAEHEHSL
B EMTLERWE 3.11 Fiw.

ARES, LERELER AZ80 A SALRRMEK, TR EEL A
EE T 231.5um 1 1.0; BAEZEFREN 15s i, LK 3.2 1 3.1, BEEESHEN
WK, RHEZRFACEHEES, RELBSERRE 226W B, HFHRREHEKRE
231.5um #W/NE T 1352um, FR @ERESSHH 1.0 EFART 2.5, SR BUSCRBLT
WA ZE A Y 50s B, LK 3.3 A 3.11, Hitn 32W MEBA RN &S BHERST
Sk, FHRBETREET 136.4um, XNERILTFSEEIE R 226W & 15s

Y (RRESRNN 2.5), WTRIXFHALREEN AZ80 & & HAH MR K &4

WHR: BEBH RN — PR, HRNEZHEX, BRLTESLEN IS .

PEGRRY, ERCROEHEIELEN, ELEFENFHLERN, Mm%
BRI, VORI, BINThRSRNRERL. ZRY, BEZTLENR
BR—ATAEENSH. KODFRKR CEEI)EE N A EY AT LLURE BT A
R B, e85 W& L3R REITEIRA B A T DU & SR m AL RR R
MUKT, MEZTEAHRBEELAKNZFLEN, REEFHELRBREA
B RHATATIR R

3.1.2 EEBEINEM AS41 EEHELE N

AS (Mg-Al-Si) RA 4 £201t L 70E R 1 B K AT K BB A T B AAZ91 1 IR i
HESE, ASQINASACHRBARE., EEERATRERMUES RS, 1EHBEIRH
SORE R RAERE-S

7EAS (Mg-Al-S) R&&F, MgSHHARFRMEELT: —FARFR, —FH
LA WFRMSIH R A& SAERE SR RAELR RN =AY, ZURRMSI
RS STERE TN VIET RN . 74 &M% ETE P MeSITh# 5L,
LR BIMeSTBRLR R K AL S 22 AT 90T Rk, ST (A LU B h 1R
EAENFERNXR.

K EBIEGBE B ARBETHEN AS4l EESAAMEWRE, THEX
MgSi R KRR ERERHNE, ANHAT AS4l EE&BESHERFBEE R L
&M T HOKEARIIREG.
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3.1.2.1 EEBEEN AS4] FRIRE SN

ERARKZWE (EERFEE: 6507C)
Fig.3.12 Effect of continuous ultrasonic power on the macrostructure of AS41 alloy
(treating temperature: 650°C)
(a) without ultrasonic; (b) 103Wx50s; (c) 268Wx50s; (d) 782Wx50s

B 3.12 RREEFLEBRBHAERAN. HiZETUEH, R2EALETE
ERUANHESHAREE K. Bb). BOMBERENFANEEERTLEEHEREN
ERAR, TUEH, GEBALARIFRELEE, KRNHBIASHL. X
W EBEENEREAN, AR EEEENER.

MEFEATUE S, BERFIEMEA, RNEHAL, SEETHEN 268 W Bt
(AN 38Wiem®), BREMAD, BHEHS: EREHRAEMAR, SREE
KKHEH.
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’i3.13 ﬁfiﬁfu @E &tﬂﬂ’rlﬂ%ﬁAs‘uAﬁaﬂiﬁﬂEm%WEﬁ @Eﬁlﬁ 650C)
Fig.3.13 Effect of ultrasonic power on the grain size of AS41 alloy after treatment of continuous ultrasonic
field (treating temperature : 650°C)
(a) without ultrasonic; (b) 103Wx50s; (c) 268Wx50s; (d) 782Wx50s

K 3.4 AS41 A& TR ~F R H R R A SRR RE 2R
Table 3.4 Average grain size and its corresponding grade of AS41 alloy

a b C d
sl /um 277.4 149.2 104 118.8
ki g ER G 0.5 22 3.3 29
250 - T=650C
£ t=50s
=
O 200
N
w
§ 150+
o0
o) 100-
-]
< 504
0_
103 268 782
Power/W

Bi3.14 ELHBA T EITASA A & FRE R

Fig.3.14 Effect of continuous ultrasonic power on the grain size of AS41 alloy
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Bl 3.13 RZARBEDRRELEIG AS41 KRiEL B ME A . 5 SRR SR
FHMMBLERAE 34, FHREAEREEHE LB ZNRAEEWE 3.14 TR,

ALAEH, RIEASGER AS4l & &AA P FHAHK, T ARPEEREY,
BRKIGERIXE T 400um PAE, BMISKRTERS 100um; HINEHERE, S@HH
GUMRHLEE, RHLBAEIEY 268W B, AS4l &R hREBELEN
#1277.4um FREZ]T 104pm, BREFLKWBH 0.5 LFAFT 3.3, A 3.14 TR LAFH,
AR B EREHE A DRI KT SR NG R RS, FEik, #HEThER 268W 42
50s FELF I AL BR .

LA SRR, BETIEX AS4l &M SR RX Mg,Si #r M RERZ
WEARKAE, Fik, EEEEFENNEEEZBIHENEN.
3.1.22 EEBAETIRY AS41 BEHLR P Me,Si HHHTHSRZ

Bl 3.15 EEEH ST AS4 &P Me,Si K MEBHERERAZ: 650C)
Fig.3.15 Effect of continuous ultrasonic power on the Mg,Si phase in AS41 alloy
(treating temperature: 650°C)

(a) without ultrasonic; (b) 103Wx50s; (c) 268Wx50s; (d) 782Wx50s
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Rk FRELRT (£L) 2% AGRAFAAEANESLURNYR

HIXRDATH B (E3.33) & & 2% A a0, HATASH o (Mg) Z4E.
B(Mgi,A1 )M FIMg,Si A R. EDS AHiEH, fIKME PRI LA RAL N Me,Si
SREMLEY, BMgrAl ) BE SRBEN A T EAEA.

B 3.15 £ AS4l &2 R R EBHE G EENEEALEMB L  AEFTLES,
&&FTHEEN TR M,Si 4, Bk E B HE BERILEY . KIEBEERFHELE
i) AS41 S&ALE 3.15@FR, PR MgSi HELERE, SEHK, FBHHRE
BT K ARV ERE, BAAEN R MeSi KL%, SEaE; Him 103w hEE
EAE 50 J§, S4&ALWE 3.150)FiR, FR MeSi BHHATHR, 4B EER
WIE, MeSi HEAML, 0T REIGREN R ThEMMY 268W i, WA 3.15(c),
TR MgoSi B I T B B IR, MeSi Mt —Sak, BaMm5; LlFY
ZRNF] 782W B, T 3.15(d), WK MgoSi HEERHEK, KEHH MeSi HERR
WAOBAELARF, BN

ARBH, BEEBEDEHM, ASH A& TRFRBALEIAEMHLEER
e, HtE A, HkAT R, BEREAE AS4l AT MgSi HE Z & 4L
BR.

32 ESBERELENEMNEEREHRNEN

FHOARGEREY, BELENERYREELBYRN— M IERNEE,
St A Y MPERAT TIRAR .

32.1 ESHEERGHENEIN AZ80. AZ91 & &R E AL RN
32.1.1 EEREDE LB EX AZ80. AZ91 BHABELMT N

& 3.16 & N ZEGRR 3RAE S 4.6W/em?) TN [FIE 7 AL R [r) I AZ80 & 97 41
9, B SHESL a(Mg) EH A B EK, 1 o B RERELNRS /K p Mg17A112)
FIA R BATEE o MR 4 /N Mo-ALAL SR,

B 3.16(2) R RAEMB A AL RT AZ80 B9 & BHURK, AL EE b KEBAHRE &
Fipk, BER, BABRTENERET 250um UL E; BAEHER 32W 4E 1551, R
& 3.16(b), HRALEHHRML, BIEKBRERAL, BERLZERE, ALK
B, AR EEKE 30s B, WE 3.16(c), ARBEHNL, o (M) L
gNEE, £ERHEHREEHECR, RARENERLEY: BFRTRRIAZ 50s
B, AEE—Ha, BETRE RSN R, A84/MMY5, o M) BRFHERT
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Fig.3.16. The effect of treating time of low continuous ultrasonic power (32W) on the AZ80 microstructure
(treating temperature: 650°C)
(a) without ultrasonic; (b) 32Wx15s; (c) 32Wx30s; (d) 32Wx50s;

ERAHTAT AR B RO (RIhRIERT(159) 0 F AE BN, AR AL, B
B RBEGTRERALR: KA [E](30s), @M FMLEE+2HE, WHRBRHE—

Ta: ZHLERERKEs), FHLHRIRE
- e S Y
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B 3.17 BLMFWREHEATRE: 650T)
Fig.3.17 The effect of treating time of high continuous ultrasonic power (226W) on the AZ80
microstructure (treating temperature: 650°C)

. (a) without ultrasonic; (b) 226Wx15s; (c) 226 Wx50s; (d)226Wx80s

B 3.17 B E I EGEERE b 32.3Wem) T AR B A LA i AZ80 & &%
AEM, TLLED: BEDHRERS5)MER, EUERELEHARAR; KL
B E](50~80s), SRR E AMSPREREH, HEAAX, BXEERESLEA
K-,

TS N ~ S

- "'
X R ) O e N
o L S i "’%\’ !

K 3.18 HHEYEQT BiHEX AZ80 & & BMALNE
Fig.3.18 The effect of treating time of middle continuous ultrasonic power (72W) on the AZ80
microstructure (treating temperature: 690°C)
(a) without ultrasonic; (b) 72Wx15s; (c) 72Wx30s; (d)72Wx50s
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LR LR AR R PERAN1S)FHH LB, RREE
@ik, HHEHL, BERERERBARN: BKAHENE30s), SPSHBAWHS,
B AR ENAE KK B RBA(S0s)RY, 7 HBLE A B B MU IR B R 41,
Héng— 5. o . . -
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Bl 3.19 FUETIR(126W)ELE S R H R AN AZ9] B4

Fig.3.19 The effect of treating time of middle continuous ultrasonic power (126 W) on the AZ91
microstructure (treating temperature: 675°C)

(a) without ultrasonic; (b) 126Wx30s; (c) 126Wx50s; (d) 126Wx80s
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HEPEERE R YRR, fEE RN AZ91 & &ML H A B
TR, BT AZ91 &4 BB AZ80 ERik, Bip EARL 4 R (A 3.19 M1 3.20
K] W)E R, —REERENEA X BAUA SRR, B &R
HIThR R LY, BIEFEIhEEN 126W, BHIHENE 650W.

& 3.19 & 675 CAEE Z e R B AR (R AZ91 A& MBREAL. 44 EEENT
PLRILX AR PEDRERCo)FFLER, SRRTARLNES,
HsPRE R EMERE: EKAERE](50s), MMt EE, SRREFRANL; 2Lt
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Fig.3.20 The effect of treating time of high continuous ultrasonic power (650W) on the AZ91

microstructure (treating temperature: 675C)
(a) without ultrasonic; (b) 650Wx15s; (c) 650Wx30s; (d) 650Wx50s; (e) 650Wx80s

100 pm
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A kFEyiEd GEX) Fo% SRR LLERAYRH

B 3.20 24 B EGBARE N 93W/em®) FASFIHE A A FE R 0B AZ91 & &M% S4
M, GRS, BIELER, 155 HRAREHSIR 30s BHEEM, S
WEBEPRB REMAIE; KR 8(30s), BB Z 155 HEHERL, BHEHRE
M+ KIE; LB RIBKGs)E, RARBER/ G, BRSHLEE, B8
FABIBETRE: #—PRKAE B ZE 80s, WX 2 AHAHALR,

X AZ91 EEBARITELEERTABNERERY, TRPEHERTEREHIIE
MEEHFERKMLENE, EREMDENSHUEREE. XKW, T AZ9]
EEFRE, MEEANMFELEREIEE. XFER—SHEARR. RATIFFEEN
RBIE, BEREBTESHA/PHALREER.

3212 EEBEZELER B AZ30 B R BRI

Ki3.21 fRIIEG2W)IELEHE S R H N EXTAZS0OA EMBLER X MHE A RTERAE: 650C)

Fig.3.21 Effect of treating time of low continuous ultrasonic power (32W) on the grain size of AZ80
(treating temperature : 650C)

(a) without ultrasonic; (b) 32Wx15s; (c¢) 32Wx30s; (d) 32Wx50s

AZ80 B & BRI EC2W)ELLEEZE AR 8] A EHE FmE 3.21
BiR. FHEHEMSER SR ELERREK 3.5, FHRPEREESREE 0N
g 3.22 fiwe.
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# 3.5 AZ80 & & P RRLR T R X A ShLE 500
Table 3.5 Average grain size and its corresponding grade of AZ80 alloy

a b c d
fa kLB /um 231.5 151.7 145.4 136.4
ki SR G 1.0 22 23 25
250
T=650°C
g 200 P=32W
=
3
-5 1504
£
e
20 100
(]
of
g
O 504
<
N ,
15 30
Time/s

B3.22 R G2W)ELL S 0 E A E R (RIRTAZBO & & L B Y R W
Fig.3.22 Effect of treating time of low-power (32W) continuous ultrasonic field on the the grain size of
AZ80

FRERTUEY, BERELETUALALNRR, E#5FTNERFRNTR
BHARSRE BT, ZLRd, B GENEE/ T GBEREY 4.6Wem®),
Y120 G KL BEAR P L TR N (8] O E K 2 AT F R R LR, TTHRLEHFFEN. X
AR S E—N AR KB R R I EN & & BHMA SR E R E R,

AZ80 & & 1A B Th R (226 WY E LR 5 B E A RIS (KRt B3 8 A i 3.23
Fim. PHEREAN SR SHONBER AR 3.6, V355 REEEH Z N E L
B 3.24 Fizs.

ALES: BRENIS)ATLEN, RNALEEEE, EKLENR(50s),
BRI A TSR, MR R K80s)F, SRRLEAPBALEEE. TR
RRECARE T AEERH BN SBE  INMERREELES LN
BIEE TR I & & AL Z AR L.
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(a) bg
b

Bl 3.23 BIIR(226W)iE BB R E AN AZ80 & RRENEREARERE: 6507)
Fig.3.23 Effect of treating time of high-power (226 W) continuous ultrasonic field on the grain size of AZ80

(treating temperature: 650°C)
(a) without ultrasonic; (b) 226Wx15s; (c) 226Wx50s; (d)226Wx80s

# 3.6 AZ80 & & FHRA R T RE X R fmt R 5
Table 3.6 Average grain size and its corresponding grade of AZ80 alloy
a b c d
de B /um 231.5 135.2 2134 2533
RRIEER G 1.0 2.5 1.2 0.7

:t 400pm

T=650"C

g

o
— L

Average grain size/um

0 15 50 80
Time/s

B 3.24 FIHRQ26W)ELH A RF LI AX AZ80 A& AHLRE W
Fig.3.24 Effect of treating time of high continuous ultrasonic power (226W) on the grain size of AZ80
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ERGERRY, ERERNESRTLENBITEEA, MIRELEFFTHLEN,
HE K 75 AL T B ) L — MR AR AL I AR, (B S A ER A TR S K B — R L
FRoRRAM: T RTHERELLBFE FH A EN, O 5 RE R (6] GoR R SRR L

3.2.2 HEEBE D B AIER 8 3T AS41 EEEZH LR RY 200
3221 EFBEZELIEN B AS4] RAIRE M

V%o

W 3.25 ELE SR E B AN AS4l ERALIEW (BERFRKE: 650C)
Fig.3.25 Effect of treating time of continuous ultrasonic on the macrostructure
of AS41 alloy (treating temperature: 650°C)
(a) without ultrasonic; (b) 100Wx20s: (c) 100Wx50s; (d) 100Wx80s

Bl 3.25 HLAEAERMTE 100W FEAE R T /A A LH 20s. 50s. 80s J5 AS41 Z
MALRF . LRSS CEAESLCEFAREEAE AT UE Y, 2XERENE
e s AT L R EMRR, BB, B(d): MREEFLEFH Tt
WHRHAHE, REDG): TR, FAREMES %4 T UAL AR ERAR
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LA e 4 & 400|uI

326 EHMEHELBHEMASH A SRNENEW @HAZHRE: 650C)
Fig.3.26 Effect of treating time of continuous ultrasonic on the grain size of AS41
alloy (treating temperature: 650°C)
(a) without ultrasonic; (b) 100Wx20s; (c) 100Wx50s; (d) 100Wx80s

3.7 AS41 B & FI9MBLRT R IxS P R RE R 5
Table 3.5 Average grain size and its corresponding grade of AS41 alloy

a b c d
fa A /um 2774 240.0 149.2 146.2
b ER G 0.5 0.9 22 2.3
280+
T=650C

260+
g . P=100w
5 2404
S
» 220
£
[
5 200
[F)
a0 180
5
E 160

140

0 20 50 80
Time/s

’i3.27 GBS HE GBI ANASHI A & RRENYH
Fig.3.27 Effect of treating time of continuous ultrasonic on the the grain size of AS41
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/& 3.26 BRHIR 650°CHT AZ80 & SHE VAR ZE A RIR ) f5 i ot R & A o
FHEREN SRS ELERIE 3.7, T3 500 R A H I 8 (9 a3
& 3.27 Fi7R. ‘

AUENH, RBEFFLERSSANAGNIETHK, BRNX MBI,
AR GHER SR ELSHA KT 3472um F-02. BEHE 100W GBEREN
14W/em®) AN 650°CH, BAREAIE 20s B AR LR T HIBRE LS B,
BMERERTLENEEKE S0s &AL RABE T+ EENAL, REEMSE
RLEE 550 5 e R AE AR A5 AL FR B 277 4pm F 0.5 LB T 149.2um 1222 ; BERH
BRI — KA, AR RMEEERNIEEEM.

ERGHEEE 3.27 ALURIN, TEASLI KT L SR B 75 AL 1 A (8] 2R
R BRESR EFHRER/D (20s) ~RAEZFH EABEEKR (50s) —~&hE
0% EFHRAE LR (80s), HiSkA] DAMEAR LR AL ER R ) 4R K S, ARRBE
ARESHA.

3222 EEBEREAE BN AS41 BREHLPH Me,Si T H S K F N

Bl 3.28 RAFBAERE LB E)G AS4l S &M EMBMALE . A\BEFTLUE H,
AEFHEANFR MeSi H, Bk LhBLAHF BEARKEY. RMEBEHTF LR
) AS41 A &HLE 3.28)F 5, WFR MeSi LB RE, KA, REHIAKX
KR AFA R, BAMER TR MeSi BHN%, S am: Him 100w hZxa
ERBLE 20s 5, &AL ME 3.280b)FTR, WFEKR Mg,Si RMZKFHK, FEFL
KRBRAENAARRE; JBAEZERRIEMNE 50s 5, KE 3.28(c), WFK Mg:Si
HEEI T HEMER. 28, MgSi HHAk, BEAMmHS; BERANRELE 80s
Bt, WE 3.28(d), IFR MeSi HERIEEM /D, K MeSi 25 A RRA LR
BEART, BEafmils.

ARKP, BERENEBER (20s) H—1 MgSi i, BEEERT
KRB EEK, AS4l BEFNFREASABRRBENAL, FAREEYS.,
KR, BT AS41 A &K, GUFEANRHEEE B[ THE, EMFE#— PR,
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33.1 EEBEREEEN AZS0 S SHLA R M
33.1.1 EEBEREREX AZ80 BB N

AEBRE SR VR S A AL I 1A BRIE B BB A R R, AT
RN B AZ80 Sk & &M A THEALCHERAHNME 72W BELE 30s FHFLKME
RUCYABERAMBER KR ERBRBEARBRTILER, BERFRENHH 650CH

690C.
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Bl 3.28 ELBAERTLERERN ASH £SAH T Mg,Si HEEW (BHEZEFRE: 650C)
Fig.3.28 Effect of treating time of continuous ultrasonic on the Mg,Si phase of AS41 alloy
(treating temperature: 650°C)

(a) without ultrasonic; (b) 100Wx20s; (c) 100Wx50s; (d) 100Wx80s

B329 4 AZB0 S SR ARZEERBEAREARHFRERNREHAXM LA,
B 3.29)FT B, THEELE 650 CHETR, HAEEHIEE REMBERE AR,
B FHERE 200um Bl E; HEFEEFAED 690°CH, W 3.29 (b), BEEHLK
RPN REORI AR, BESEEARE, BABAFHERTE 250um B L, HikwT4,
REHEFELEN, AZ30 FASBREANFEHRI R RHR, HEMERERENFA
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B, o (M) SHEFMAL, HEREFEEMRE. XERFAOREREN, BER
HEY

:
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A ORI
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B XY LAY X
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Kl 3.29 ELEHBEAERIEN AZ80 &2 BMALKIZ R

Fig.3.29 Effect of treating temperature of continuous ultrasonic on the microstructure of AZ80 alloy
without ultrasonic: (a) 650°C; (b)690°C
with ultrasonic (72Wx30s): (c) 650C; (d) 690°C

ME 320 EBATLUEH, SHET2Wx30s)RHH AZ80 B & & RAALN G H A
EASAEARF. BERTRER650CH, WE3.29 (@), REKERANN R,
RHEIT REBAMEEFHRAR, BBMERETHERHER: BERFREN &
5| 690°CHY, FEMAAL(NE 3.29 ()52 W EH MR LHHRALWIR, FHHNA
H120pm. AW, EBREMBKGEERR T RICHEBAER &S OAUMRAR L,
33.12 EEBEREREMN AZS0 R RE R

AR AZ80 B4 SRR MW 3.30 iR PSR M 4
B LS R AE 3.8, FHARERHESFHRENZLEHWE 331 Fix.

B, REERELER S SANREHERER, ERR R MURAYS,
PSARIRE 29 690°C RHX PR A A R, AR BRI FH S HIEF T 242.1pm A1
09. BARTAAE, ALRNARTARBREMRAL, BELEFHE (2W) A
ReEESIE] (30s) KIZAHFT, BAERHEEREN 690 CHNANMRELE.
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R kPRt (#X) FEF YR FRTAESUSSURHYH

=

AR RLRE R
Fig.3.30 Effect of continuous ultrasonic treating temperature on the grain size of AZ80 alloy
without ultrasonic: (a) 650°C; (b) 690°C, with ultrasonic (72Wx30s): (c) 650C; (d) 690°C

F 3.8 AZ80 & & FEIdm R R~ B Hoxt R A ookl BE R )
Table 3.8 Average grain size and its corresponding grade of AZ80 alloy

a b c d
S AL /um 231.5 242.1 183 142.1
AR G 1.0 0.9 1.7 24
2504 . ]
E M without
\:L ultrasonic
3200- Mm P=72W
7 t=30s
R=
© 150+
o
% 4
& 100-
[V}
5. 1
50
0_

650

Temperature/°C %0

E3.31 SR AR B RETAZSOS & RB AW
Fig.3.31 Effect of treating temperature of continuous ultrasonic on the the grain size of AZ80 alloy
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Ak FRdikit () BZ¥ A4RBERTRBESELSLERHYR

LRERRY, EFREROEEDENLCENBEREA, @FFTERERRANAA
MUBRELN . XA RERRNBGRELE N/, BN TEEZANSEREFEHK
¥, MBMIEAIRBENRENEERTNE TREERBRD, FRFEBRKKES
PR

34 EGBEZE LR HESHR R

ERAAERKY, G&EBENKTEERTLEMOTU S E SR REA
A, LPSHNALESFML, AN HALS, W AZ REETH MgpAl, H
AS41 H# Mg,Si, HREZW. AH—PRAMKTEEFENTHAINER, &
FIXTHE MM RIAT T XRD 2047, FF@ AT AR f S R AT T 5.

341 EEBERBLIEN AZR0 & X ST41TH EERY M0

B ASTM 7I%1, Mg F1 MgysAl, ) 20 BT Xt ML SRR R S E 3.8 5% 3.9 fior.

£ 3.9 XRD Fa-Mg 15 & HTX R 20 A
Table 3.9 The indexes of crystallographic planes of a-Mg correspondening to 26 in XRD

HKL 101 002 100 103

20 36.6 344 321 . 63.0

& 3.10 XRD F Mg 7A 11, K& T F5 58T 0 AL 26 £
Table 3.10 The indexes of crystallographic planes of Mg;7A1); correspondening to 26 in XRD

HKL 411 332 721 510

20 36.0 40.0 64.7 43.6

B13.320 5 4 T B 75 AL FR AN R 75 A B ) JE AZBO B & & X ST R AT K i . 18
XTI BT R, AZ80BEA S EERa (Mg) FB-MgrAlFIARARL, EHFFIE
BT BEERAERN,, HNARHRAET. BFFFLEE, XRDFa (Mg)
FIB-Mg Al p B TEHEEARRBEEREAS, XWagdTe Mg) FEEBETRXERTF
BBUMAIAL Zn SRR T EGHER L —ERERABE.

dif 3.32 W40, WAL 15s J5 AZ80 HA ST o (Mg) KI(101)FI(100) & E B X
RIS (E IR AR K T, TIZE(002)F(103) 40 I AT 5T R RS (SR EHIE /N T« BB A
REFERF R IEH, o (Mg) ZE(101). (002) F1(100) &M _b AT 38 B Hi A K.

MEPEAUEH, AZ80 B&LBRETBEAELELUE, MgpAl HESRE
MRTEHESE TR AR. XRUBHELEESMATSHE MgpAl, MR EHEKT,
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R KFHELZT (L) PE¥ AGRPFTRANULSLULRAY A |

i BB ELEEH T MgpAlp BZE@LD. (332). (T2D)FAS10)E BRI .
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00000
200000 ¢ B-Mg,Al,
2z
7]
5
£ 150000
100000 - .
.
50000
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i . . ° .o
4 ‘ . o
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| ® . oM
250000 . ﬁ-Mg”Allz
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§
g .
100000 -
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PJ} 3 : H e
0 T A L%‘.LLJ‘. Mﬁ\* ..
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1 * a-Mg
250000 ) . * B-Mg;Al},
200000 4
2
@ 150000
g
A=
100000 4
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[ ]
50000 - .
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o a-Mg
1800004 (d
@ | ¢ B-Mgy7AlH
160000 -
140000 -
z 120000,
£ 100000 -
2
£ 50000+
60000
o
4‘”"“ - . l'
20000 B 1 I . ¢ 2
. _.__JU(L:.?J BRI ST
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26(deg)

, B 3.32 ARIEEZE /5 AZ80 XRD Bl ARA: 650TC)
Fig.3.32 XRD diffraction results of the AZ80 alloy with different continuous ultrasonic treating treating
time (temperature: 650°C)
(a) without ultrasonic; (b) 72Wx15s; (c) 72Wx30s; (d) 72Wx50s

342 ESEBEDBLEN AZ80 #55H p(Mg-Al)HERIEE
IR0

EXNFEVHEEM 0 REEENE, KERMHN Ly Ly Ly Ly o Lis = Lno
@E, MIRARERTFHEL = O L, ) ERZER “HE". RN ZFTRE,

L THEHIEREME M. L- L RARERRE. U THERERN L ELRERN, B
RERESKMNERENFHNERD. XRTETENRNBRRERLERD.

TEAESHNIET, BREBRRESN, WEERERE, FHEKSPLIRNERE
A FRKEBEOEHEE. DR BEE, TRAUT .

DAAABHR Y FR mEE S5, HEA X RNMERSE, SRATH X, YD
FoR HEFHEN Y=atbX. R a HEHKMRE, a ARE. —BORS, BLHFAEL
E—LRATF, BAGANHBRRE, BALSNREe N

e=(a+bX))Y,
AR EFRENFARNA .
Y () =@+bXi-Y)+(@tbX-Yo) + o +(@+bXi- i)+ -

BN -RFRE, RETFHAABDMMBEKRREESR. X)) ) RMINEHFR




R K FRLZT (L) FZ2¥ EURPFITAEFULSLBEGYH

2 2
QLIPOIIP
B YY=>a+by X
X =a) X+by X
b X-LCS0 L, 80 o pm R

2 sin@ 0
, 2 2 2
Y=a (REANE AR a=)v Hz +,Ke+ L » 4=0.154050nm )
R Sin

MBOLT A o HEUARTN RS 5E, XFTERIESR/D ZRIME

HI,
£ 3.11 B/PZFeri KRB AZ8O B BMeAl )M RS SUA
Table 3.11 Lattice parameters of B(Mg;;A1),) in AZ80 calculated from least square approximatation

Trea'tl.ng HKL 01(°) a/om L co's2 0 cos’ 9) a/nm
condition 2 sin@ 0
650C (411 25.795  10.6336917 1.0889671
Without (332) 39692  10.6417235 0.8909188 10.57842
ultrasonic (721) 64.571  10.5968008 0.1838804
(510) 43439  10.6131125 0.7311025
(41D 36.028  10.5671807 1.0760558
650C 72W (332) 40.010  10.5582896 0.8758823 10.55318
15s (721) 64.866  10.5538340 0.1793081
(510) 43.624  10.5702863 0.7238725
41D 35987  10.5859317 1.0783170
650C 72W (332) 39.925  10.5821306 0.8801819 10.54845
30s (721) 64.776  10.5668981 0.1806959
(510) 43.561  10.5848284 0.7263291
(411) 35972 10.5830861 1.0790925
650C 72W (332) 39949  10.5760326 0.8790824 10.56680
50s (721) 64.735  10.5728624 0.1813301
(5100 43.660  10.5619959 0.7224723

x 311 AREZEREDZTRIMEZRBRIEAFESLBERNEE AZS0 H&5E&F
B(MgAl)E E S HOEHIME a0 tH X-ST R AT RTAN, B(MgiAly) AHE & &L
SGHAKOILLTER. BEER 3.1 JUEH, 2EFRHELEEN AZR0 %454,
B(MgiAl) MR ERHE D TREFCENSBER, LHLREHS LR EH
30s BF, B(MgirAl12) A S48 a0 AR LR 5 AL FRRT (] 10.57842 nm 3/ B 10.54845
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Ak FELikt (L) % SGRAEZTLIEMNESLARGYH

nm, BE& AL ME 50s i, p(MgiAlp) MK REHEBHMHEK, BIHLE
LR/
PEERME T HEEN A SRR EREWOREE, BALRERMTEIRM,

% 3.12 Z2RREERHRHES SRR T ()
Table 3.12 The lattice parameters of a-Al in two Al-alloys solidified with different magnetic fields (ao)

Solidification conditions Al-5.3Zn Al-1.2Cu
No magnetic field 4.0482 4.0483
AC magnetic field 4.0478 4.0473
DC magnetic field 4.0473 4.0469

Pulsed magnetic field 4.0472 40479

HFR3.2FALVEH, Al-5.3Zn. AL2CuFif & &L &MU MERLRE, Hi
BB BN F LA B I Rk 5 50, |

TUEY, SRERTUBRRMREER (DC) BHEHLERK Al-1.2Cu &&,
H S E B a HARZHEIH A E I 4.0483 nm #/NEI T 4.0469 nm, AR R 0.035%:;
A 650 CHRAIIR Y T2W KBAEZH L 30s 5 pMgirAl ) & HRLIER
B, a AR hRZHEAEZE ER ) 10.57842 nm /DN E] T 10.54845 nm, ZRALEIEF
T 0.339%, xR JLTR BB Al-1.2Cu & & S EE0L WL ER 10 £5.
AR, HEERRERNERATS, #EEHNESRREENERETKT 2.

FRAFATR: BERELCETUEERWBMerAlp) MIARLH, HEE
AR R EE KRR E 2 ARG KR G . XTRER M TR R
EEIEM: 1) BEREnERERFt. BTEFREREPREERTEER, FUE
. AR BB RER S RUARAR—B, XS EEBERIERERF, Bk
FaERERFL, NTISIEREEHNZEL. 2) BHTPAL ZnS BHZL. HTBMgrAlL)
HH G LA S R RO 50, M EPORFHEEER MR T ERN S
B SKERE D MglBET¥42K40.16nm, AIFRFFE40.1190m, ZnfRTF
#:40.133nm, T RALFIZnf B8 E H Mg, HBERHLEEAPMPAL Zn
HERATLN, HagERhaRERK,
3.4.3 BELIEM AS4l &% X FEATH EIER I

333 BIRA SN TR A AR B R AS4l BEA &0 X SR
SR, AT AT I AT AT AN, AS4l A EEER o (Mg) - Mg,Si H B-MgpAlp

SHARSHUTHUAEA E S, BELEE N 103W B, AZ80 #&4 % a(Mg)
((101)F1(103) &3 E FT % DLATIEAE SR AR K T, T 7E(002)F1(100) 4% [ HT % L B 8 8 33
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ALk FHELRZI (L) FEi¥ AGBFRTRENYSLULG YA

AT, XEABELEES o (Mg) ZEJODMO03)EEEBZEMRIE; BEES
FRBIEAEKR, o (Mg) E&5MNEHELMATHBEETMAK. NEPRERLLEH,

AS4l RESBBLTBAELELE, MeSi HESRENGTBEETLARRAL.
% 3.13 XRD Fa-Mg & 5 %5 %3 R 20 A
Table 3.13 The indexes of crystallographic planse of a-Mg correspondening to 20 in XRD

HKL 101 002 100 103

20 36.6 34.4 32.1 63.0

% 3.14 XRD ¥ Mg,Si S E BT LA 260 £
Table 3.14 The indexes of crystallographic planse of Mg,Si correspondening to 26 in XRD

HKL 220 111 422 311
20 - 40.0 ©24.0 72.8 ’ 474
] (a) * o-Mg
250000 < * * B—Mgl7A|]2

1 o Mg)Si
200000
2 .
2 150000
2
R 1
100000J
50000 . .
Ll g
0 _?_Bl— "J T = - Y A o* .r:

26(deg)
(b) s a-Mg
250000 . ¢ B-Mgj7Al}5
V] Mngi
200000 4
|
2>
' 150000
100000 4
1 .
50000 - ! N .
I . L3
X P
Joedllf 1L e
20 30 40 50 60 70 80
26(deg)
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200000 o Mg,Si
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‘@ -»
g ]
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B 3.33 B IEXT AS41 XRD Fi5TEIE MR AIRE: 650C)
Fig.3.33 XRD diffraction results of the AS41 alloy with different continuous ultrasonic power
(treating temperature: 650°C)
(a) without ultrasonic; (b) 103Wx50s; (c) 268Wx50s; (d) 782Wx50s

3.4.4 BENGEI AS41 &5 Me,Si HHEE T I

% 3.15 RRHLZB D _FIMEERBHNETRBHNELET AS4 &P
Mg,Si FH A M S B H{E ao 1 X-STEEMHTRAAT 40, Mg, Si AHE & 4K JLT 45 #3040
SEHGEM TR 33T LA W, B A E S 103W B, Mg,Si 9 & 4% H 5 a0 H 6.35078
nm J/PE) 6.34520 nm, BEE A hE AT 268W B a0 i/ F 6.34328 nm, BUEIE
BT 0.118%; {HLHEAELBIHEE —PHAR, MgSi MREREHR a HEHK, mH
bETCHE 7 AL TR () AR W BUE E K.




R X FHEEZH (#X) FE¥ 425 FFARNEES LU GYH

R 3.15 AERB/DMRIMEERBARBELEEAT A4l A&+ Me:Si HAKESHE

Table 3.15 Lattice parameters of Mg,Si in AS41 calculated from least square approximatation

Treating o 1 ,cos’0® cos’@
condition HKL o) a/nm 2 'sin@ 0 ) w/nm
650°C (2200 40.090 6.3560750 0.8726469
Without am 24.154 6.3767154 2.0047919 6.35078
ultrasonic (422) 72.835 6.3561788 0.0798375
311) 47.403 6.3552482 0.5880163
(220) 40.154 6.3463613 0.8697394
650°C 50s mn 24.303 6.3379046 1.9882168 6.34520
103W (422) 73.005 6.3434296 0.0781913
31D 47.505 6.3423909 0.6196778
. (220) 40.209 . 6.3380390 0.8672475
650°C 50s ain 24.277 6.3445903 1.9910959 6.34328
"268W (422) 72.947 6.3477720 0.0787508
(311D 47.520 6.3405049 0.5841463
(220) 40.076 6.3582041 0.8732841
650°C 50s mn 24.244 6.3530968 1.9947582 6.35787
782W (422) 72.831 6.3564795 0.0798764
311 47.391 6.3567646 0.5884142

3.5 #t5itie
3.5.1 BEMELHE

ESARNAUEEXN SBIOIMMEEERRKOEN, ERT, £RM B /H,
SREEFRERE MIisE, RS tEr: 1o, BT WSS OHERBMES, HEX
ZREEHA B AR AR E AN, FIEE Fh% e 14 & &1k
HIRRERRAD, EBRARENWERNEETR, MAREENEERTALINER
RAA—EHERALRE X,

HEAEREBEP BN RS F IR EEGNEM, FEBETH. B
R RS0V, WS IEB R S R . EhMEESNEL. BETURNEIRY
HEHERY . K. W RHRE— R NESRE, B4 SN S
B T AZE S B E 10'MPa (105N KSE) MIREM0YC AR KRR, BEELE
FERIE10°C/s , DR BB G EK L ZW. BERMNR b TR RERET#
B R IE T, AN B TRAL FF IR TE R — B I 7 T BE T, AR IE R ST
AR, S REE, o] LIRS EE SRS M5, BB R B EI%
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R X F LRt (#£X) F=¥ #gRFFFLAINESLURGY R

.

SRS REBREBAK KIS, MR REA G AKX NRBAS N &
B RN . FIERER TN KEEGZ I, WEN/GHEX, RHES
o RILATHEDY, BAFRSEREE

Zv=0.9 (N/G) **

M, FEURETE, WHKKNEEDEAL R, EEALERYERS
B EMEWAKAREUTLSE: (—) Ea4A8RMR. HERERHEES,
BN W B R S R E — R R R SR A R R E R T i, JFRE
EIA R TR B B SRR TR A BER A&, ERETERES NRTEE,
X [ A B L REAE T R AR A H U M ML 4 S0, NTT R KIS T FRAX 2N,
(BRI, (2) YERSEEERN, SZHXRaEKXTEREHEE BRENX
FFH, EERMMEEEA B, BEENEAED. X—BHIIRERBIER
BRI EERRE, SARAEE—RAE A THERNEEEET®. BEDIAEN
B B — AR AR B B B R R AR R IRt . B4 RABRSE, KEMSNEBA G
BRAF REARRTTURL, AP0 B AU I LR KK, NI EREEN; (=)
FE 30 S T 0 9 S R B X R A A KB &P R K W o BB BE VT LAY A IEMR B
R SUR EEREF . SRR BRI MR RS S A T K. B AR
25 B BT DU I 4 R IR R Uk, AT DUBE MR 4 RV RUR . KA
SNERKESEERBERETAEKY, RERMANRRE, BT Fma0Eagss
M AERK, MERBNE—RBRBRRTEFRY, ERMAIERREANB
thth, MTTEH R TIISHARE R AR K, BR—REH, E—RBEE R,
FT5AETARANATLERREN, EFERABSHRREMHRE, BIKK
Bk B ke, NTTRRREREK R, BEREBA, ERFHHEEHaREEER
%, ERNFHHHEK, BAKKEEGHBA. ASEEFINEERE, FRMR
WG R EBIR AR, i EESURRENEERE, WU ERmRESN
WA, WUNBRERSRE, (HEMFH A HREEE, SRBEIED, REKKEE
GhieR .

AR TR R A A SRS N, R ERE AR T, RkitiEEsEL
MR, HALRX T i, (B K sh R R RN TR INE T —1
BEENRAE. BHRAEHEY, BASRETAERIENIREHERROZE. HiLh
BERKAR, ATEMETLRR A R ERAH FTECE, XA gR R Bw: HidAE

o
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FAe kLRt (1) BE% Sy BE2TAETUELLERYYH

B, AERANRERERZT, WHANHRER LD, M iHEEEhFH,
AR B ;S RERRR, BERSRARASHEL, ZIRE
IR A DTN, FEERKEE. @ EER T B m8, RAg
T R A7 A R R JR R R RN 1 E By R T R IR AT .tk |,
BAEZAMIRIE A ARNA LS EERRN R RR X FE, BF L&
RAEHBA A EBEF B ERREHLNE, TELESLEEM4FRHRIDERKE
BERA N EHLRELBATEFENLEE .

3.5.2 EEBATEMNALMUHT mE

ZEALRTLURI, ERENEELENER (155), BEBSIIENEK, &
% a (Mg) MIBMgrAl )R MA /NS, KR EEUR SRR = A R SR A
REBAETRAT X EM; ELHRGKRE—ERERN (226W), AFUFRAFH—F
Mk, RMARMAKES, XiRAEFRAENRNEN DL S 5E MM, &85

RPN, LRFEREE, EKERNSRNE, XNERALRFFI, 48

IEEK, BRRBHK. SFEXLRARETURR, ERKMEESELHENER
(50s), BUNIBAETHERLAHEBAR G2872W), BEANNMEEE, BEEE#
—HR, BEBERERARNSET S, BIKTRBLLAMKX, FRNBES
RER K 2EEE BB OANEEAAXNEE, SREGEETREENHEEAEE,
XERENEFENBREHNERS KR, L, E—CRE LRSS THEEFMALE -
RIEIHOR '

EAS4 &AL, MpSILEWEE B R (1085C) . HiE (460HV) . mHPEE
£ (120GPa) . fEAAK F%7.5%10° KHPY, FR BN FRIMeST BEFERLBRTF
Si , Mgy flfENl. RETREEGTT HNEEZREEELERKEETINER
B SiEREEPARNERE (0.003%, BF4%) RUTEASAESERUT L,

BERESTERREZUER. FROBARATRNERNSG . BREBSR
ik ETHER, F&REAZE—eMBHER, e UE 2R &R SR
SISt RREESNEESY, BEREFERFENEHRERE, TAMESSEHE
RIS K, #BNAWIEE, BAEE AN ERERTUAEREERRBN, —HHE
BNy M ARBLUERE, H—FHABNEBMeSIER, RN XEMNZTIT.
A% R EREIFE, BINES] E&8SFH0F 8. FAS My 8 SARERE
FRALRMIT. R, EMe,Si BHELEEFMg / Mg,Si RERE T EHEEMERL
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65N, fEALRT, 5AZ80 « AZIVEA SRR, B/MhEH R EMgSiHER

HRA BB EAUBRBA BRI, FEEBEDENANIGR, ARAUBRA NS,
XA R FRADEESN AN AN EEFERT TMeSINAL 5Bk, T
B EE M ERER AR RRARREASHEESBAT—HREEZER.

3.5.3 EEBE S BB 8 X H AWM B B

MR E RN AZSOMAZII & M AL EHERKEZW. ATLLEH, ERN
RIABA R E TR (BARE H4.6Wem®) , BEEEA LI F A ERKALRBALL,
(B A EA KA (80s) ARREHUNES: ERANESLERE (BF
SR A33W/em?), BAEMLIERE (15s) ARKET RIFMALBR, HEBHELE
R ERARR R, B8, LRMFTRRMERERT FE, HHEA KR
B EHERE—ENEHT, BFRMNERX, ABNHZNBEE. FLEITY
0, fEThEBAELE FAMFEER S, —EARRKKEFHECHEZE K S,
BAEWNEBKR, KFHRKEZBRR. B A KRN IEK &R A4S REE, HISSE
LB R

MBI %A, BT R RM@SiHIE R & R AR, 52508 R B E S AR
REREREER. FTMNTERAN, SRNEREGED . BihRER
MgSiRAEERMLE B dift. BEZUERFENZHEERRIES, HERN

S HRAYEREMEEKKINRE, FZBABBNRLE, EERNEHERT,
SR A TS, RETAERE, REMOREREELT BEHEKR, XLz
LI FARNER, 88, Mg BT A RBHINNEAMHRERERL, 1,
1 R BUMER B R RET M SHEME, RS KM, SiTh 78 it R B KA I,
SE ARG 8RR [ R A FORCRMe Stk A Y08 R S e kit 250,

3.5.4 BEBAREREMARMANRITHIE

ESEARITEERRE, EHRMNA DG TSR RS/, ERPHEE e
E/R A, RO/, REEEFREOIEBIIVEZOEANIRFERIN
Bl R SRR e R aT LA it A, DA S, DAMEAEE R E
MR LD, REVEE, BERERENRBRTE . 46K 326 Uk
B, TR AZ80 A4&ER AS4l &4, LHEBELENKEEBRAKESESHALTER
K,
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FUBNHE S BENERRERFVIHXK. BERBAEGEERR, A TE
FRERKTIES, ARTEARNNTE. REESLEREE, dTRENS,
BB RERRE TR, SHRERE, AEPEHMEOME, SHRASGEEN
K, BREEPBNIRE. EEZUAREKKHTRES, SEARTRESX, S5
HABMBOBAKRE, ZURMNYERHOATRER R RS NIERAE, XESHFKL
BRANSRBEBRNELRK, EREHLA, HEESHRKIbERZ. Bk, &
BATHBFAUNRBRERGEFE, FLBBIELTEA,

3.6 NG

(1) ELBFAZFAERBEHTHAUMAZIOSASHEESSNEAR. AL B%EE
FREJE, AZ80S &R AAL P RBIL, PARE-Mg Al LHEMAELSELL, HLRN
B&A; ASHEASARPHRIMeSIHEMAL. TRk,

(2) EEBEFHREAZSOBEIAR, HIh G0 A SR IR K 8] 2 F LY

AT AR SRR ROR . EARRBTEE W, 650°C MSO%AQ%%WEWQ"%%%%#-

£226W (32W/em?) x15s832W (4.5W/ecm?) x50s.

(3) ELBHERTH A ASH AR, BAETHEN AS4l SEB RN MEE—)

BN, WBRIRMLELR 268W (38W/em?) x50s; ZEZHE N 100W(14.1W/em?)BT,
B R K RALRFEA L. AS4l HE&F 1 Mg,Si HIRERE A Th R FLAL, B
EREREUTE N LB ETHEE, NHEEE—SRET.

(4) ALRP, ERENEEFTRETEEAMMERE.

(5) ELEFLBES SH AR EE SR BRE AL S KT AT SRR 5. AZ80
B ETHIPMgir Al ) &k B B BEE LR 5 R H A [ K I/ EHKHEA,
ASH1E ST IM SRS E LB A E MMMt SRR LRE, XTHEBRERE
P A A R A P E VT T R AR BB UE K.
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F ARSI (250 Fo HoHES BTRBA UL RARHYH
FHE prBEZ2ELENESSERRZMN

R B ER & TLMIGRET T AE ZHNAH, SREH, EHEBCHREN
SEERR, WRGEBE Rk PR A T LU B X TR A SR B R F. B 0 MR L2 T hkop
R P 7E R R (8 7 THD S A O R
_ Rk A 22 AL B AR Rk e A X AR AR B R R R R S Tl B R I AR . X

HRBENEHERGTRLERERNERTH, FBERNARR I #HERER
. BEHHFFRKAEEFE BN GAL IR E R RE R M.

ok N %tog 1 Pos; -2 Gims. €| . ‘S‘.”?. - m L

D=500us d=155us D=510us  d=200us
Bela.1 &5 Rk b R 1 55 Bk 3R A U 2 iR
Fig.4.1 Measurements part data of pulse width and pulse period

EEEEFHABEIETEE A ANERR—MFENIRE. BENEERTEN
WWRRAW=Pt=Ult , (URMINREREELE, t A\BRIEH). BR, £BNE
SRR A AL R IS I D) Pa= UL

fok i 8 P 0 A B R o B R FE R R VR L R B E I S T B AT i R,
RRES /AW D A, #E BRI (B 4.1 FF ka8 75 i 2 183 2 4 96 (8] 8158 )
BB HAIHEAIER, X —[BIBKET 8] t ATRR K t,=D-do FTAZE— Mk ABIA,
Rk h R A X R AR A E I R A d, BORKSE, FBATE d XBRA [a] PO Rk bl 7 ot 1 T Al
K10 We= Uld, REREBANAMAILFHMN A Wa= UldvD. Eit, £ MKES
FHCE SRR B AT NE PA=Wa/t=U1d/D=Pd/D. AP R ARk
FENEE JN %P BRI 58E U KM, 8P, -

ERGHPETLAE S, EEMNRESR LREE UL R RRI KSR ME
SEFEMLBERRARENN, SRHEBENREWATFHINE PN GELEED
FAE—EMSRBAE. 3 TETRE=FELBH I RMTHE, FRAOFRK
MBENERN LR URIEEIT R, EERALY REMRIK R ERFHNE Pa
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Al X FRLigit (#X)

FwE RARE BT LAENELS AL G YR

50h% P BK3E dv Bk AW D MRBRRM T BREAN, LEROTHERAR.

& 41 BRIMEBEFIIE Py SRUINE PR EAR

Table 4.1 Relationship of pulse ultrasonic power P, and apparent ultrasonic power P

P/W d/ps Dipis Py W
316 210 510 130
447 210 510 184
788 210 510 324
. D=510ps
300 ¢=210ps
1
2504
2004
~ 150
Q:: ]
100 4
50
o T T T L L) L) 1
200 300 400 500 600 700 800 900

P/W
B 42P, MPHIXKRE
Fig. 4.2 Relationship of P, and P
F 42 KB TFHINE PA 5K d IXARR
Table 4.2 Relationship of pulse ultrasonic power P, and pulse width d

d/us P/W D/us Ps/ W
110 149 500 33
155 149 500 46
200 149 500 60
) ,
R
1204
% 100 4
2w
o
-
o .
40 /
100 120 10 160 180 20
Pulse width/ps

B 43P, fld FIXERE
Fig. 4.3 Relationship of P, and d




Rk FRERT (#RL) Fo¥ RAREFTAENUSSMRGYA

# 43 BB ATFHIHE Py EKHF AR D WX AR

Table 4.3 Relationship of pulse ultrasonic power P4 and pulse period D

D/us d/ps P/W P./ W
190 155 177 144
330 155 177 83
510 155 177 54
160 —==P,
—.—P
140
2 1204
]
2 100
Q
& g0l
60
40 T

150 200 250 300 350 400 450 500 550
Pulse period /us

44P, MIDMXRA
Fig. 4.4 Relationship of P, and D

4.1 BkpBARINEMN S &EEHLAR M
4.1.1 BHhABEINE X AZ80 A SR EHL AN

AEREEEHRERMBEEFTREN D ENREARK AR, FTHART
AZ80 B A SR A BITERAI LIRS LA | 40°CH 80°CHB 75 Ak B — S I IRl J5 (A Z80 MR HI L
WA 610°C, AZ91 WAHKBEAN S9SC)BA RN REALNEH. BELE
LR IR B FIH R Bk, WK EA LU RAE N
4.1.1.1 BHEBAEIHE AZ80 RRUBLMF M

Bl 4.5 REAFKIBK BB EL M TEAERE 50s Bt AZ80 54 M%EAMHAE.
690CEBAER, LA 45@), BRALFEERE, TUEMEBRARGFHERAE
250um LA E; BB LR K 316W B, WA 4.50b), HAALEFIABKE, HKRH
BETRERHER, o (Mg) BEIZEA K, HEHAERMNRLES, BRTHEE
HERA PRI NER, HFEHEBAZE 100um X4, BEKMESERAR, &
mUIESHR, SSHARPHHABGRE R, A9 268 5EEHHRALZ IR
A, T EHEBDEBRNEHRE & ETFREZL.
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K45 krBERE &J:ﬂBTI}Ja?-XT AZ380 Eﬁéﬂ,,\m;%iﬁ
Fig. 4.5 Effect of pulse ultrasonic power on the microstructure of AZ80 alloy
(a) without ultrasonic; (b) 316W; (c) 447W; (d) 788W
T=690'C t=50s d=210pus D=510us

hTEH— SR EAE RN AZ80 B4 &AL T pMeyAlHREEETT
EWMA AW, A3 EEE AL 1T SEM 27 .
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Fab K FREET (#£X)

At e OB it amen

e /“»{’\“.

Yo w nlede

) &

Kl 4.6 AZ80 H1ERH ) Al TG4 SEM [ 445
Fig.4.6 SEM images of AZ80 and the distributions of chemical element Al
(a) without ultrasonic; (b) 316W; (c)447W; (d) 788W
T=690C t=50s d=210us D=510us

AZ80 B4 4T Al TEESSTEIERBRLER, %864+ Al BT
10%0F, BEES4T Al SEBMBM, Al o (M) HPHERERM, BICCRBME

25,
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A X FRWEit () FOF RARERTLBEANEOL LG Y%

ME 4.6 ATURHL, BRTH5 AL o (M) 4D, K#E4 Al 5 Mg K
FERL B-Mgl7A112, TTEES MR RBRRAHLEHHD: W Al TENEFRTR,
HEmThR K 316W Kb @AS, Al TEMIREHZERETSHEMEL, TR
Al TREEHE R FRELFR BMerAl )R A R, £ATM Al SR
HEE WM, XA EBAELEE BMgrAl )W/ B R Al 2 B ER AT
AR BEBEDES AR, Al TEMGRERETREENTML, WAl TE
ERHE AP LE M 2ELFRE B(MerAl )M B8, TRANZR R
7T, KR Al TESHEIMETEPE pMgrAl AL, X EHEBEDEY
B BMerAl)HNSERBMEH AR LR, b HNHRMER D ROBIER IE
4.4, | . .

B 4.7 2 AZ80 & SIBRR R S 7 g A1 5 45 4 b L SRS A 27 9 SEM
AR, BREEH 200 . SRS ORFBAENEH =K, R5FH PP %
HEXTERATEBRA (306800um®) B AANBIRITI R TEE 4T, FitEENE 44,
BATERA B HEAM S PR TR RB R E 4.8 5K 4.9 Fix.

& 4.4 B MBI BREIH R4t
Table 4.4 Statistic data of quantity and average dimension of B phase
(T=690C t=50s D=510us d=210ps)
Field Alpm? C/um’ B
Condition number  A/um’ B C/um? (mean) (mean) (mean)

Without 1 29.0 854 24911 .

ultrasonic 2 36.5 738 26965 323 25890 804
3 315 820 25793
1 29.0 764 22427

P=316W 2 26.9 915 24695 27.2 23030 843
3 25.8 851 21969
1 311 959 29786

P=447W 2 34.5 897 30970 33.0 29421 888
3 34.0 809 27507
1 31.2 855 26674

P=788W 2 30.5 912 27080 293 26509 916
3 26.2 982 25772

: A- Average area of P phase in the field; B- Amount of B phase in the field,;
C-Total area of B phase in the field;
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Rt KRR ()

B 4.7 AZ80 & &4 4 .LEBAL SEM K S
Fig.4.7 SEM micrographs showing the microstructures of AZ80 alloy in center zones
(a) without ultrasonic; (b) 316W; (c) 447W; (d) 788W
T=690'C t=50s d=210pus D=510us

T=690°C t=50s
D=510us d=210ps

w
(4]
1

8.

- -l N N
o (3] (=] (4]
MU S S S 1

[3,]
1

Average area of § phase in the field /;;m2

o

0 316 447 788
Power/W

B 48 BkrbiEAThER BAERA (306800pm”™ B HTFHRTHILWEXRE
Fig.4.8 The effect of pulse ultrasonic power on the average quantity of p phase (306800um’)
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T=690C =50s
D=510us d=210ps
- .
2 800
£
=
< 600-
i
=
=S
& 4001
5
g 200
<
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316 447 788
Power/W

B 4.9 BkrtiEA DR BAEAA (306800pm?) BN MMEHLEK
Fig.4.9 The effect of power of pulse ultrasonic on the average dimension
of B phase in the field (306800pm?)

ATLLE ), RIEBA LI AZ80 & &MMMALRPEE T KBIEBRT K LR
] BMgrAl)ERIEBNEY, KEBEREEMRAIGTFERL, WE 47, 2 Leica
WA, RIEBELER AZ80 &E&ARFTAREEN pMerAl )HEMREFHR
35 %5 804 A/306800um’ 55 32.3um; ABALIE Y 316W ALEE )24 S0s B, LM
R BMerAl RN RNELT BN, BREEHERT p HK SRS EAS
o, FIE B ARG B INE] 843 AN/306800pm?, IR FME 27.2um? ; BEEAEA
EIIER, B(MgiAl ) R ARMIEGE K, {58 AIEA A B AN S RN
B, ERERNREEEEN 4TWH, pAKTYRTRIMRENRS, BEHE
Tt —SHt,

FALRREMHEEDEBRAMEM THITH GEABE>46Wem®) , ML
YT, BB AT URLAL P BMegnAlH, BREDREIK RAERE
>67TW/em®) %t BMgAl MBI MALME R TR
4.1.12 BiRBREIHE N AZ80 RFLREAE M

B 4.10 BRI R 690°CHf AZ80 & S:1R kL AR R K P 5 Th 2 70 BT A F IS 9 R
RHER. FHREENREERONELERLE 4.5, FHEH MK TERNZY
Bl EHmE 4.11 Biog.
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FAbkF LT (#£L)

Fig.4.10 Effect of ultrasonic power on the grain size of AZ80 alloy after pulse ultrasonic treatment
(a) without ultrasonic; (b) 316W; (c) 447W; (d) 788W
T=690C t=50s d=210us D=510us

F 4.5 AZ80 & & P2 FRLRER i BE S5 R
Table 4.5 Average grain size and grade of AZ80 alloy

a b ¢ d
SR /um 242.1 149.2 154.4 173.2
MR TR G 0.9 22 2.1 1.8
250 T=690C (=505
D=510us d=210us
g 200 1
3
« 150
.s:
g
o100
&
2 50
Py
0.
0 316 447 788
Power/W

El4.11 BB ThEITAZS0E &M E YW
Fig.4.11 Effect of pulse ultrasonic power on the the grain size of AZ80 alloy

AR, BECEEN 316W KN, ALRNERETREZHRL, SBEM
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Atk Frditit (381) FuE KAREZFTRENULS UL A YH

AR RLBE 40 B BB R K 242.1um A 0.9 B3 T 149.2um 1 2.2; BEEE S IhEEMY
K, BREAFHK, BELEARE. MLELBEERELAEN BERE: 690C;
SEFETIE]: 50s) THEXTHLGN BRI L WMET LRI, ALK T SRR
HEEhEMNBLEE SN, RASEALRPEMMEERBERKR (EER
BE>45W/em?).

BRAZRETRMTTE, BPBAEER 316W KNI FHIHER 130W, 7EHE
REMFTHRHEZELE 50s FRIMALGREN 149.2um; ELBELRPIHER
128W WHBAEZE AL 50s RALURRE R 176.2um, HEAH, EHEKFEFELRE
HF, R EERESEABREN EREEEERELELHHEY, HENAR
M R B AL A I L

4.1.2 BMEBETHENT AS41 EEIHLERY M
4.12.1 BB EIIEI AS4]l @ALRE M

=
- pmasigs 7

¥ <

W 4.12 kb A H b
Fig.4.12 Effect of power of pulse ultrasonic on the macrostructure of AS41 alloy

(a) without ultrasonic; (b) 52W; (c) 153W; (d) 400W
T=650C t=50s d=155ps D=510ps
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Rk FHdigit (£X) FO¥ AR ERTRENESEALN YA

AERES S A EE S BB AR RE AR EwRE, KWHAT

ASA41 BA S IBRTE 650°C 5 700°CF 43 HI HE b0 A 7] T 2848 75 AL 28 50s B %R A 211032

0. BAELEIHRN RN 52W, 153W F1400W, REIEEAERSHRERKR, W
BHKEHRENER.

& 4.12 4 B A TR B2 R R B AR GEE AS4 S M ENARE A .

BAELBEERZEE LB IRRY, B R L 2 Th 2 R (6 i 8 75 st E T B

. BERLSAL, TWHE 4.12(c). B 4.12(d); TIF L8 L2 %4 (P=52W, T=650C . t=50s.

' d=155us. D=510ps) MKALMRHAHE, EEHFHLMES, RE 412 (b). A

ERAETURI, UBEHRRE—EREN, BELEMNERARNALA SEES

) »

B 4.13 B A R ELHEN TR AS4l S EERALNE W

Fig.4.13 Effect of pulse ultrasonic power on the macrostructure of AS41 alloy

(a) without ultrasonic; (b) 52W; (c) 153W: (d) 400W
T=700C t=50s d=155us D=510pus

& 4.13 RAGHREEH 700CHEARFRKPEE D RLE G ASH ZRALEF. 7]
DEH, 208ELCRENESRENERARAUEHNAE, 5/ 412 HEKAHELE,
FALRH, ERDPIBHELENET 2W), SEHNERALRBE THERH L.
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RAbXF LT} () Fo¥ RAREZFRENES ARG YR

XATRER M TERBNEFELBEET, BANEED, ER/IIEENET, BHEFT
PRI Z ARSI E AT LA & B2 A1k

AT REVE BHE BRI R AR MR, A A SALUET
Rt ERRL B, FE 4.14 FIE 4.15 BRMS 514 650°C 5 700°CH AS4l & HEZ R
SRR R E LB G RREEME A . PR ERGRSENNELENE
IR FE B Bk e 7R TH AR AR B 3 1 4.16 FR.

S

4.14 FkrhiE R E S B IR ITASAI A & SR T
Fig. 4.14 Effect of pulse ultrasonic power on the grain size of AS41 alloy
(a) without ultrasonic; (b) 52W; (c) 153W; (d) 400W
T=650"C t=50s d=155us D=510ps
R 4.6 ASA1 £ & VI RN K Fox NI R RE 4% 51
Table 4.6 Average grain size and its corresponding grade of AS41 alloy

P

a b c d
S0k /um 2774 258 188 183
mbiETER G 0.5 0.7 1.6 1.7
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5o

415 fkb s FE B ENASAI S RBEREW
Fig.4.15 Effect of pulse ultrasonic power on the grain size of AS41 alloy (T=700C, t=50s, d=155us,
D=510ps) T
(a) without ultrasonic; (b) 52W; (c) 153W; (d) 400W
& 4.1AS41 B VR R X ML SRR
Table 4.7 Average grain size and its corresponding grade of AS41 alloy

a b c d
oL /um 347.2 203 127 249.4
sk E R G 0.2 1.4 2.7 0.8
D=510ps d=155us
3504 t=50s

= 300] m650C

= mm 700°C

'g 250

w

= 2004

£

&0 150 -

[}

1]

& 1004

o

P

< 504

0 52 153 400
Power/W

Bl4.16 kP A ThERASH & & RAEKEH
Fig.4.16 Effect of pulse ultrasonic power on the grain size of AS41 alloy
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ATLAE, WAHE RS RS L & AP SRS EL, THE SR AN
WA, BAEREREN 650°CHE, 414 5k R B kil 75 Th 2 (1 K 2 7N F P
B, ERWEANBEERAER, HB 414 ATLLRI, BREAEIIE Y 52W i,
AR T RRIRREH AR B, BEE DRI AET 152W i BRI A TRAEZHD
e, SRR BFHAN I HERE 0.5 EAE 1.6, HThEH—5 8 AR AL BB ERD
WERIER A BZRRE X LR LBAERTER N 100CH, SRSk TE
FUHENRUELATRE LA &S, TATKEETHE; BAIZY 152 W R
MR R B, BRERRE S5 4 Bt BRR 347.2um F-02 BHET 127um
27,

4.12.2 BiEBAETHERR AS41 SR EIAL P Me,Si 4T S A S0

Folo £520 . @ o8 T wer e
(a)’ b ""Ma"" . ) :; M ‘:( .~ P (b) v "3. ") ﬂ
£l B el 5ny ;,g"@\‘sw?"‘“."’ . ”Q 2, 1R b

%

0 rJC N " anh
4/‘*’2 %’? I«”*w}k,\/‘"" g
EERCS EEE .

Bl 4.17 Bk A ThEXT AS41 &AL Mg,Si ML
Fig.4.17 Effect of pulse ultrasonic power on Mg,Si in AS41 alloy (T=650°C, t=50s, d=155us, D=510ps)
(a) without ultrasonic; (b) 52W; (c) 153W; (d) 400W

A 4.17 BoRAIR AS4L B &2 FIh S B R 5 A F 5 i S AR B 48 . W
ALEH, &S PHEERFR MeSi H, B LOBME BEARUEY. HEE
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B 4.18 FkihiBAThE T AS41 & &AL Mg,Si HKE
Fig.4.18 Optical micrographs of AS41 showing the effect of power of pulse ultrasonic
on the microstructure of Mg,Si
(a) without ultrasonic; (b) 52W; (c) 153W; (d) 400W
T=700C t=50s d=155us D=510us
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RIS BRBEMA/D, HTHENADOTRR . T RERKMBAENRAR Y
PR EIR T Me,Si AR BT SR 4.17 B 418 BT LA, ERMEE
FHEAFHRAKERT, MNEESEZFRERET 50T, Mg,Si HNALNEFEET
RAERKSE, o] NERHBS RN M,Si HALERBE XM,

42 BkiPEBREF BALERN B A & REA LM
42.1 B8R R E R E X AZ80 & & R EAL RSN

AERRESIEEIT A A BN R E AR B, ATHRT
AZ80 & GIEAAE 650C THEAE LB AR ) REEALHBUER. BERELHE
RfIE] 2} 5 30s, 50s 7180s, M/EIEAABEFMIRBEBAY, MEHLABALMN L.

42.1.1 ﬂmlﬂfnﬂﬁiﬂlﬁlﬁmuso ERALCHTIE

K 4.19 M(Mﬂfuéi'ﬁ&tﬂﬁl‘lﬁm AZ80 Aﬁﬁf&*ﬂ,,\m%"lﬁ]
Fig.4.19 The effect of treating time of pulse ultrasonic field on the AZ80 microstructure
(a) without ultrasonic; (b) 30s; (c) 50s; (d) 80s
T=650°C P=129W d=210us D=500us

Bl 4.19 RESBEER 112W/em®s FEA 500us. X3RN 210us B BA R G T
AZ80 B EIBAEARFEFE R I a5 S AL R . B 4.19(a) 2 R V648 A A AT AZ80
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RFEAALE, FTUES, HXEBEPREGZEER, BARAPHEREES 250um
Plb; BELTE 30s B, WA 4.190), ARBERL, BHRERILVEFLMHE, RHE
Tk AR REEESAENBMEK, LE 4.19c). 4.19)ARPEBHRE &
B, HRETFERAKE, BERKUGEHATH/NEY , BERKXKBERE &
VB e 3 40 /N R B8 B B A d L

42.1.2 BiiBE R BB E X AZ80 SRR RE KN

400un Ve ;’__‘:

Bl4.20 Bk /5 E AL EERT B X AZBOE & M KL E IS
Fig.4.20 Effect of treating time of pulse ultrasonic field on the grain size of AZ80 alloy (T=650C
P=129W d=210ps D=500ps)
(a) without ultrasonic; (b) 30s; (¢) 50s; (d) 80s

R4.8 AZBODr &34 SRR sH B F I ) KL FE 485
Table.4.8 Average grain size and its corresponding grade of AZ80 alloy

a b c d
Fi fE /um 231.5 158.8 180 210.5
kiR E G 1.0 2.1 1.7 1.3

AZ80 & S k- B U E A IR ) J MR 6 B3 A 4.20 Brw. SEE R
MBRERMNELRRRK 4.8, FHEAEREEAE 2 TR BORLEHME 421 Fix.
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D=500ps d=210ps
P=129w

N
S

g & 8

Average grain size/um
(2]
o

o
e

30 50
Time/s

Bl4.21 ki i R AL EE R (A XTAZ80E & S L BN W
Fig.4.21 Effect of treating time of pulse ultrasonic on the the grain size variations (AZ80 alloy)

6 LRERTUAI, BALE 30s B A by R 1E 75 BRI  231.5um 8,
/NBIT 158.8um, HALGEHL RGP E N I KA AT REE LA NRLER, X

B 4.22 Bkepil s A H AL B ()% AS41 ERALLA ML
Fig.4.22 Effect of treating time of pulse ultrasonic on the macrostructure of AS41 alloy

(a) without ultrasonic; (b) 20s; (¢) 50s; (d) 80s
T=700'C P=430W d=155us D=500us
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422 BKipEBR LIRS B3 AS41 ,%H:-“T_I.E,,\E’]%ﬂl']

422.1 BohiBE 2 EREEET AS4l BRI RE -'E’ﬂn

2 B A S R VR BK AR FE AL FE R R 7S AL BN (R R E AL S S AR, A TTRRA
T AS41 B4 SIRIKTE 700°C R SO FE R RN Al B AR AL B L. BP0 IR
143513 20s, 50s R 80s, 25 A ARE IR EBK WA, MBI KEARKZUHELR.
. B 422 HTABE R REAE % 430W B Xt AS41 & &85 HIALE 20s. 50s.
80s B EMALES . ST URRA, REBERGFLERN AS4 &S EUALH
X, BELEEASENRNALEE, THEBS %’ﬂﬁ KE3E 20s Bf AS41 & HERA
REHMN. BEE KB AR ERER, RERASHRLRESE. ,
AS41 %ﬁﬁ%%%ﬁ@ﬁ%ﬁwrﬂ}ﬁ%ﬁﬁﬁﬁﬁﬁw@ 4.23 fim. SFHIRRL
R BRI T B R 4.9, TR REREAR A AL R (8] (R AL B B 4.24 it

’4.23 ﬂﬂcmﬂﬁﬁ EIH &tEBmXTAs41AﬁunhrEB’J%H
Fig.4.23 Effect of treating time of pulse ultrasonic on the grain size of AS41 alloy
(a) without ultrasonic; (b) 20s; (c¢) 50s; (d) 80s

T=700C P=430W d=155us D=500us

-80-



Ak FREiLit (#£) FOF BARERF AL LT Y%

K 49 ASA EETFHRRR T RIS Sk R 25
Table 4.9 Average grain size and its corresponding grade of AS41 alloy

a b c d
e AL S /um 3472 137 142 240
kR G -0.2 2.5 24 0.9
350 D=500us d=155ps
300 P=430W
g
=3
D 250
N
£ 2001
g
&0 150
&
& 100
[}]
»
< 504
ol

0 20 50 80
Time/s

B14.24 KPR SE AL ERT AR ASA1 & & SR RS L I W
Fig.4.24 Effect of treating time of pulse ultrasonic on the the grain size variations (AS41 alloy)

Gie ERERATLURIL, B A 20s Y, 4 SRR 3 i T P A E A 347.2um
WANEIT 137um, BRESHGMBNNH-02 LABT 2.5, BRALNERLE, @S
R FEKE 50s b, FREAFMA, EHFR+20E: MBI A Er 6
H—PEK, ALRKEFBABRE M, B0 TaE LN/ %,

4222 Bim@ERE4IRAE 3 AS41 BEELRL Y Me,Si I E S

B 4.25 27K R ASH & &5 7RI 8 Bkl A A S 19 A0 B A 4R . B R T
DAE i, TEELEN % SART MeoSi MR RIE, WEMEKX, SRR
EIMERR BT, LRI RS REREE, &4FHRTR MeSi HEET
FIFEREHIAIAL. il 4.25(0) AT, BBFEFTT 20s G IUFIR MeSi I B 24k, KK
PR AT, T0 B BOA AL 3L RAE RIS B B 75 T 50s 5, I 4.25(c),
BFR MoSi i 488, HKHS MeoSi 2/ SRR Mz BLUR, B E
BRACRBHLR, ALMUBREIT: BERALEN WOEK, TE 425d), 1T
RAABMRIERLRK, HARBEHEK.

LAY, ALK R A5 TR Me,Si AL,
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Fig.4.25 Effect of treating time of pulse ultrasonic on the Mg,Si phase of AS41 alloy
(a) without ultrasonic; (b) 20s; (c) 50s; (d) 80s
T=700'C P=430W d=155us D=500pus

4 3 Hi](ﬁxj'&ﬁl;i@gﬂ—/\ ,'?/ r]

SRk AR R, KRR EEEENSE, BERR/DRE T 8K A5 A bk
- i ER AR A KE, Et, RENXDIEERAANAUER. hEREE
& H VR R P R AL ER I R SRR R E AL RS WA, AR T AZ80. AS41 B A

) SIS Rk P 75 FUE AT — e I o) J AR S R FE A AR S

43.1 BkEX AZ80 & & BTN

43.1.1 BxE3 AZ80 ERUEL RN
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W 4.26 PEDIR(149W)IKE A H LR K 0 AZ80 44 BEMAL MW
Fig.4.26 Effect of pulse width on the microstructure of AZ80 alloy after mid-power (149W) treatment of
pulse ultrasonic field
(a) without ultrasonic; (b) 110ps; (c) 155us; (d) 200ps
T=650C P=149W t=50s D=500ps

B 4.26 HPFHROWAH TARARERARTAET AZ80 A &M%
Ko ML E A LI A SALRATUED, KN 10us B, BRBLIESE
B8, KESBETRERASEBELEEN K, HARE N B0 55 aE %5 A
N, BEALHAYS, BREHRTRAMESHRAS: KEBAS 110us, A5
EALEMBAL, o (M) BHIYS, BRIBK: RESERAN, BRESHE
M3, BEVEER KRR, HUR B BRE ARG,

/& 4.27 A EGTW)A M T AR R RS R T REE AZ80 %4 &M% &AL,
RTLURIL, BEE BRI MIRK, TEMRRA KO B B ST e, B

LR LA AR, A ERR ), R A R T T A BRI T,
B R BATTAT UK B IF0 R 1 S 5t A B 5 R P K B O 180 K 6 A SUR AR AL, (AR T 1
R, B 426 FRMBEFIT, YRESLMAN, KERTERAKANBER,
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Fig.4.27 Effect of pulse width on the microstructure of AZ80 alloy after low-power (149W) treatment of
pulse ultrasonic field
(a) without ultrasonic: (b) 55us; (c) 100pus; (d) 200ps
T=690C P=37TW 30s D=500ps

43.12 BEX AZ80 BB RER TN
& 4.28 BRHIR 650CH AZ80 A S BARL ARk EFE A A E G HIRIRE M

B H. FHSERERSREFROMBLERIE 4.10, FHRAEBKENZESNE
4.29 Fi7R. TU%tH Fﬁ%ﬂz}( H‘]igk fﬂiﬂa%hlﬁ?%?%/]\ L}Utiéﬁ“iﬁ%ﬁ]
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F4.28 FEZIR(149W) K= @H&bﬂ:ﬂ‘r%%ﬁAzsoAﬁamlﬁm%%
Fig.4.28 Effect of pulse width of middle pulse ultrasonic power (149W) on the grain size of AZ80 alloy
(a) without ultrasonic; (b) 110ps; (c) 155us; (d) 200us
T=650'C_ P=149W t=50s D=500ps
R 4.10 AZ80 & &3S R~ R I ) &b B 42 571
Table 4.10 Average grain size and its corresponding grade of AZ80 alloy

a b c d
SRR /um 2315 203 180.6 159.5
mpi EER G 1.0 14 1.7 2.1
250+
T=650°C =505
P=149W D=500ps
200+
=
2
Q
.g 150-
£
[+
&b 100
(5]
&0
5
> 504
<
0_

110 155 210
Pulse width/us

#14.29 KB XTAZBO L & SRkl FERAL I R0
Fig.4.29 Effect of pulse width on the the grain size variations (AZ80 alloy)

43.2 BkEN AS41 KR EILA OB 2200
43.2.1 BxEX AS41 RRRERZMN
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Fig.4.30 Effect of pulse width of pulse ultrasonic on the macrostructure of AS41 alloy
(a) without ultrasonic: (b) 100ps; (c) 155us; (d) 210ps
T=650'C P=390W t=50s D=500ps

B 430 BRSHEELBEORBEOENAL. NZETUES, RSEMLIRTE
BN M ASAl AL, RRILEHK. B 4300b). 4300c)s 430(DREAFIKIEH
REEREAEE AS4l MERAS, AUEY, S&BEEFRKE#EEFEL
ME, KENHENNEAL. XRHHEEENKERAAN. AUEHATEEN
fER .

B 430 fIEFTLLE 1, HEEMH—ER, Bk A 100ps B AS41 MR REA
AN, BHEHS; BEERKEAEK, SRERK.
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B4.31 BRI AR IR RTASA1 & & SR 10 Ry
Fig.4.31 Effect of pulse width of pulse ultrasonic field on the grain size of AS41 alloy
(a) without ultrasonic; (b) 100ys; (c) 155ps; (d) 210ps

T=650C P=390W =505 D=500ps

R 411 AZ80 & & THIRRR + R L R S0 R 51
Table 4.11 Average grain size and its corresponding grade of AZ80 alloy

a b c d
AR HLE /um 2774 208 194 256.5
s b TR G 0.5 1.3 1.5 0.7
T=650C t=50s
P=390W D=500s
2504
E
'g 200
£ 150
&
9 100
g
< 501
o]
0 110 155 210
Pulse width/us

B4.32 BRRXTASH1 A& SR TR W
Fig.4.32 Effect of pulse width on the the grain size variations (AS41 alloy)
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B 431 BREIE 650CH AS4l S4B L A FKREEAERE LB ENRIRLEM
BE. FHEREMRRERNNESERRLE 4.11, FHERERKEMEHERME

4.32 7R,

ALLE W, MMBKEBAEE, SRBANRARENAL. BEERKEREA 44
RRLE R AR EHAN LGS, XTHEHTERKEEDE 390W) B, 3
Rk S5 A B — ERRERT &7 RN T R BURN R AT K.

4322 KEF AS41 BEB LA DK Mg,Si 8T H ISR

”"”t”"“’W
'ﬂW’J )

S O LT S T

B 4.33 Bkohd R LI AR RS AS41 A& 4148F Me,Si AW
Fig.4.33 Effect of pulse width of pulse ultrasonic on the Mg,Si phase of AS41 alloy
(a) without ultrasonic; (b) 100ps; (c) 155ps;: (d) 210ps
T=650C P=390W t=50s D=500us

B433 B R RASHEESENRKELA M THRAFTAERHSHEHALRE. N

EIsP AT B T4, HEANfK 58 4 100pus BBk rriE 5 B,

AE4.33(b), BEFNFRAN

BTN ENAL, KAROVIBRNX, BAZERENIREONE. FHE,
BESRA, HEHMRERR: BEERKENMR, AP FRMSISHBRRE
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HIR TR, 2B, BESETHEK, RERLERKTE H210psht, WFERMg,Si
R E, TEHRENRERS. TR, ZERTRELT, BRRK TR FMg,Sitd
BURERTIALF .

44 BKREHAME & REAAHEN

Bk IR T RAAPE R Bt £ AR EEN S Mok AR A e TE/M K
MRRAMA RS, HRE S kRN TSR AN, B, K
PR R M EMAL BN R . HERES SR 2 g kB i o B 38
MERE AR LW, AWTRNT AZ80. AS4 EA SMHABIEE LT B —
B U6 i ok e B S0 % 8 L 1 40 ) B
4.4.1 BKiREIEAY AZ80. AZ91 $#4 & B EHEHZM

2
ROl e k= o

TA A VAN S :
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. K e

&, .Y . ¥
NSy YR
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. A kT TR T T e W) e
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Fig.4.34. The effect of pulse period on the microstructure of AZ80 alloy
(a) without ultrasonic; (b) 190us: (c) 420us; (d) 510ps
T=650C P=177W t=50s d=155ps

B 4.34 BRI ARBERET LB AZ80 &4 MEFAALE. S8R L
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BN OBESAR, SEkTBELEE, RABURARMLIEEHE. Kk AMA
190ps i, BRETFEH Y BHAREEHE, §SELKTL bR E B Hhm R
RIS BMAPRE S, TR SR T RTAE 150pm LUF: Bkeb s AR
3| 420ps i, HKHREPRER AW K, WAERROR T —PR/D, AAMHE
¥Ay; BEE M ARKEA, HRRALIGHRADEY, o (Mg) BRI

< vy,
PR A BRI A :
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Fig.4.35 The effect of pulse period on the microstructure of AZ91 alloy
(a) without ultrasonic; (b) 200ps; (c)370ps; (d) 500us
T=675'C P=350W t=30s d=80us

B 435 ZRKrBA TR A 350W (RAEREEA 112Wem?) « Bk 4 Sops. HEL
(] 30s B AZ91 & SRS R A Wk E A A B R % SENE,. B
AURM, Sk BELCEENASHAASANELHE, BOPRE&EIHER,
o (Mg) B ELRIEIRR, FHRTLHE 100um T, MEALHS; EEXLR
ST, BB B 200us 2240 E] 370us B F) S00us KR, SE&MBESHANE
%P, BRRRAE.
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Fig.4.36 The effect of pulse period on the the grain size of AZ80 alloy
(a) without ultrasonic; (b) 190pus; (c) 330ps; (d) 420us; (e) S00us
T=650C P=17TW =50s d=155ps

R 4.12 AZ80 & &I R <t R FL3H IV ) ok PO 2 3
Table 4.12 Average grain size and its corresponding grade of AZ80 alloy

a b c d e
Ao kL% /um 2315 154.4 187.5 183.7 183.7
m kTR G 1.0 23 1.6 1.6 1.6
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250 - T=650C t=50s
P=177TW d=155ps

2004
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100+

Average grain size/pm
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E4.37 Bkrb ABIXTAZS0A & MM R T W
Fig.4.37 Effect of period of pulse on the the grain size variations (AZ80 alloy)
436 1 4.38 4RI BRIR AZ80 5 AZ91 && B AL AR ke A i RS &
B BRI EHE N . FHRNENSNSRNMEERILE 412 X 4.13,
4.39 Fi7m.

4
v ?‘,“ ,

LE. R, oy ——— ,'; Wy oAt T,
Kl4.38 Bkrt ABIRAZI1E & RBE R H
Fig.4.38 The effect of pulse period on the the grain size of AZ91 alloy
(a) without ultrasonic: (b) 200ps; (c)370us; (d) 500us
T=675C P=350W t=30s d=80us
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Table 4.13 Average grain size and its corresponding grade of AZ91 alloy

a b c d
8RB /um 206.1 143 154.5 152
b E TR G 1.3 24 2.1 22
200 T=675C t=30s
P=350W d~80us
g
g 150 — . -
K7
£
<
& 100
(3]
g
g 50
<
0 r
0 200 370 500
Pulse period/us

B4.39 Bk ARIXAZO1A SRR B
Fig.4.39 Effect of pulse period on the the grain size variations (AZ91 alloy)

ATLURIR, BRet RSN AZ80 &5 AZ91 & P GRS MM, EIBEERK
PSR S KRR SN KBS, fE5A N, Bk B R s il
RERMANEE, EHFTRBGFERE. B LEINR, AR %25 Xt
Y masguR. |

4.42 Bk EHAX AS41 BRELRLR B E0E
4.4.2.1 BKHEIRAT AS41 SR REH N

2 BREK A S VR A P b 2R NI o B 0 R L L 5 B A, R RSL T
ASA1 GRA SHFLE T00°CF 43 B HE AN A 17k s 3 47 1 B e 7 o 4 450 O S A0
kIR 93 505 190ps. 430ps 1 S10ps, SRIGIEMRARERMIRE AR, WEILAWA
AR S AT

] 4.40 93 5 R R ME AR P AR R AN 2 AN IR B S B P AR 75 R BT RS B ASAT B A 421,
- HETLES, BELEE, AS4l MERALUYBEKE, ERKDESRITLES
HARAL TS, BEERHEARRK, &40ENALBLR LR,
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Fig. 4.40 The effect of pulse period on the microstructure of AS41 alloy
(a) without ultrasonic; (b) 190ps; (c) 430ps; (d) 510us
T=700'C P=410W t=50s d=160us

B 441 BRIOE AS4l B EBALT R AR Z LB 5 i kot B E
K. PHRERENSRSENNELEELR 414, FHEREMKENRLES WA
4.42 Fi7R.

AUNE S, HrbEN 430us RALRB AN RBEF, SRt THEELEM
347.2um W/ME T 183.4um; BEE kP AR AR S10ps B, SRR KRR I
e, W SR S SRk BRI 190us BB RRLESHUER. AT, ALBREHT,
Bk 190y AT 510ps BT AS41 &4 M40 R AR 2 B,
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Fig.3.41 The effect of pulse period on the the grain size of AS41 alloy
(a) without ultrasonic; (b) 190us; (c) 430ps; (d) 510ps
T=700C P=410W t=50s d=160us
R 4.14 AS41 & &I RBLR < R I B0 ok i 2 B
Table 4.14 Average grain size and its corresponding grade of AS41 alloy
a b c d

fe b BE/um 3472 249.4 183.4 249.4
bR G 0.2 0.8 1.7 0.8

350 T=700'C t=50s

P=410W d=160us

3004

250

in size/um

200+

Average gra
— —
(=] o
o [=]

o
i

(=)
=

0 190 430 510

Pulse period /us

Bl4.42 kb EIRTASAI S & MBLIE MW
Fig.4.42 Effect of period of pulse on the the grain size of AS41 alloy

-95.




R X FHELRT (#£L) Fo¥ hAREETREAEESSBLHY D

4422 BkihERAXT AS41 HEEBA DY Mg,Si HEHTHFE SN

[ 4.43 X AS41 A &L R RS EYBA R ELBE NS MAR . XL THAE
REEARTURIR, RobBELERE, NPR MeSi BEERRABRENA, b
Bkrb AR, EARNALSRRNNE, RIS EERLA S1ops i, MgSi
HLTEL B A ML RAE MOBER, AT RERSREHT, KA

B 4.43 fkrr AR AS41 &AL D Me,Si HKIE W
Fig.4.43. The effect of pulse period on the Mg,Si phase in AS41 alloy (T=700C,P=410W,t=50s, d=160us)
(a) without ultrasonic; (b) 190us; (c) 430us; (d) 510ps

45 BB E R BAIBEENS S EREAL G

45.1 BkrrBE R EIERE N AZ80 5 £ HEHLNRIZ N
45.1.1 BinBEZFBAEREN AZ30 BRLELRIF N

-96-




RARFRLHET (£X) FO¥ RAREZARENUELELNY

R R I R
. w,u' , -/.: s %? e R ,m""-'~'.

b
A

Lyt
I

WTE e R Y O TAR TR s LU AT T
S wd I BRSSP a e TR

T
- 3

R -
<~ & o

CCIR adh €]

S O I
A ':.}.» ;, i
» 5;,-'
R A AT
. ‘»' 2

Kl 4.44 koA RE kﬁzzﬂ)ﬁﬁ AZ80 Aﬁﬁffﬁ"ﬂmﬂ@%“ﬁ
Fig.4.44 The effect of treating temperature of pulse ultrasonic on the microstructure of AZ80 (t=50s
P=135W d=210us D=510us)
without ultrasonic: (a) 650°C  (b) 690°C; with ultrasonic: (c) 650C  (d) 690°C

B 4.44 A SHEEEE DR 650°CH 690°CH LA Rk EbE G AZ80 &
AEBREALE. 3 444 (2) FE 444 (b) ATUEH, TEHEGCERN, BERE
H, EHRMARHEFHTHARBHEX; 48844 (o) 5B 444 (D TURMR, 7
MK EE R BEENHT, BERFEEN 650CH, ALBREFAL, BHAL
TR, RBKAFERRMBSRESAR, B R ETIRERE; MXHE 690C
RARMUCBRNULREE, LFERRBEREAE, o (Mg) BRBELEAD.

4.5.12 BHBEZRBLIBREN AZ80 RRIRE B2

HAERHREN AZ80 H& A0 RNERMZ R MEME 4.45 wmELEHE H AT
> FHRRERNRRNERMMELRIEK 4.15, FH RN EHB ST EENZLE
BN 4.46 B,

ALLEH, REELENE&SASRNBERHRK, BRNKMBRAYS, &
IR D 690CH XFHF R AR, KA EMBREERSFHESRT 242.1pm
0.9. FkrriBEAEE, AARKNABETARBEENAL, BELLREGT (BKRE.
. DhEMEEAENED ERE), BERTEEA 690CHMALMRELE,
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Fig.4.45 Effect of treating temperature of pulse ultrasonic on the the grain size of AZ80 alloy (t=50s,
P=135W, d=210pus, D=510us)
without ultrasonic: (a) 650°C, (b) 690°C; with ultrasonic: (c) 650°C, (d) 690°C

& 4.15 AZ80 A& PSR ~F R IR R Sb
Table 4.15 Average grain size and its corresponding grade of AZ80 alloy

a b c d
s ki /um 231.5 242.1 192.2 158.8
sk EER G 1.0 0.9 1.5 2.1
250 R without ultrasonic
1 M P=135W =50s
{ d=210us D=510ps

£ 200

=

> 4

N

"B 150+

=

8

on J

o 100

P

g 504

<

0 » — .
650°C 690°C
Temperature

Bl4.46 fkrhid 5 3 H L BRI AZSOE & RBR YW
Fig. 4.46 Effect of treating temperature of pulse ultrasonic on the the grain size of AZ80
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Fde kR Ligt (#X) Fo¥ hAREZHAESUSLERG TR

452 BHEBEZBAIEBREX AS41 EEELHLLARI M
4.52.1 BhBEREGAEBREN AS4] REIREHN

A7 BB E SR IRk i 75 A 2R A AL TR P R AL R AR, R TETOY
T AS4l BRESBUBEARLBRENBEASNELER. BERTEES N .
650CHI 700C, RFIEBAMFINIRER KA, REILKEALNZLIER.

B 4.47 BREE AS41 &ESBAEARNEERERERNMENALE. NixET ’
EH, REEFMEETEEAHN AS4l EMAR, RRELBHEK; BERELEE,
FEMERALBRTHENRE, TTLEL, BEEFEEN 650 CHALZ BRE
BN, WE 4.470).

Fig. 4.47 Effect of treating temperature of pulse ultrasonic on the macrostructure of AS41 alloy (t=50s,
P=390W, d=155ps, D=510ps)
without ultrasonic: (a) 650°C  (b) 700°C; with ultrasonic: (c) 650°C  (d) 700°C

99.



FabkFHRLF (£X)

5(30ul,
400pn

g ~d ) N T A il st
1448 BKPEA B AR AT ASA £ i 48 b T A3 W
Fig.4.48 Effect of treating temperature of pulse ultrasonic on the grain size of AS41 alloy (t=50s, P=390W,
d=155ps, D=510ps)
without ultrasonic: (a) 650°C, (b) 700°C; with ultrasonic: (c) 650°C, (d) 700°C

R 415 AS41 B &R R~ RER R SR RER 5
Table 4.16 Average grain size and its corresponding grade of AS41 alloy

a b c d
fRHLfE /um 277 3472 : 194 249.4
BHESR G 0.5 0.2 1.5 0.8
I without ultrasonic
mm P=390W =50s
350+ d¢=155ps D=510ps

Average grain size/um
@
<

650°C 700°C
Temperature

BE4.49 Bkt 5 B AL ERIREXTASA1 € & SR FE AL
Fig.4.49 Effect of treating temperature of pulse ultrasonic on the the grain size of AS41

~-100-



FRARFREZH (L) Fo¥ wtFRFTRLEFURSLURNYH

BAERHEEN AS4l & SALEHE MM E 4.48 Fin, FHRREN
RRERMAEERAE 4.15, FHRAEHESFFTRENZLED WA 4.49 Fix.
g6 FRERATUERR, BERTEEN 650CH, ARBHEFTHHERN 0.5
EAZE LS, BRESHHM1.0; ﬁﬁ&ﬁﬁ&iz 700°CH, ALEBMEZHEFKY
02 EAZ 08, BKEZHEMM 1.0, AR, ERALREHD, BRABFRFEREAR
=, {Erﬁlﬁﬂﬂ&mﬁﬁ%ﬁﬁmﬁ%&*m AS41 SE SRR,
4522 BHBERGREBEEN AS4l BEHDA PR Me,Si HHHTH S EN

El4.50ASH E &R HEARKEE R FRENNRELAZE. NEFTLIEL,
AELEE, AR FRMSIRAZHERE MM RRNEE, BEERRNERRETE
BET, Mg SR EHE, diE4.50d)TURIR, K#HFaMg SiHHZ24RER
BRARBSMRBELAR D, HBTR, BRHEFFTREXREMSIKERE.

" TP . L Ty T ”*C,‘:', 20 S
E (@ -r-,’,':k R SRS (T 4L g ‘&WV 3‘ S
R . h PN s ’: 4 ,“

Bl 4.50 Rkrpis B CEERER AS41 BE&ARP Mg,Si HIR W
Fig.4.50 Effect of treating temperature of pulse ultrasonic on the Mg,Si phase of AS41 alloy (t=50s,
P=390W, d=155ps, D=510us)
without ultrasonic: (a) 650°C, (b) 700°C; with ultrasonic: (c) 650°C, (d)700°C
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Rk FRELR (L) Fu¥ Bt RERFAENESLARN YR

4.6 BkiHiEFE R ELEM T HBSHER N

LRARERERYN, FESHBEMELERFHLENA L F R IR EH
RN, RSB SEHWL, TENHIT RS, W AZ RESTH MgrAlp M
AS41 Hff MgSi, HREFZW. AR—PERATEEFER LA EH, 9%
BERBARA AT T XRD 43047, BRI AR R SR EEAT T

4.6.1 BkihBREALIEN AZ80 A& X HEHTH BRI M

B 4.51 R ATHEFE LGRS ARBELEREE AZS0 445K X HEAT5HE
i, FIHEEMMTETM, AZSOEEEEER a (Mg) 1 B-MgyAly, AR,
ZidBELE, o (Mg) F B-MgpyAlp BTSN ERARBENEE.

180000 (@ o
160000 ¢ B—Mg17A|12
140000
1200004

2>

£ 100000-

§ ]

g 30000'1
60000+

. ¢
40000 Y L.
| . . .
200001 JJ‘% " . :J\;:
0 Wi ¢ i J\y \ e
ey
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20(deg)
1200004 (D) . oMz
' * B-Mg;-Al
100000 17412

2 80000 4

g

5

2 80000

1
40000 4 ool
l :
20000- B 1 L . ﬁ s
0 —»___J‘JU e J\ iee S0t .
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ALK FELIFT (L) Fo¥ RAREZFAEFELLERG YR

180000

() .
° G—Mg
160000 -
¢ B-Mg7Al
140000 -
120000
2
‘G 100000
5
E 80000
60000 -
40000 - ..
20000 UI . M K
ol ULt N A Je fis .
20 30 40 50 60 70 80
26(deg)
o a-Mg
100000 (d) . L4 B-Mg17A112
80000

intensity
§
o
1

‘ 20 3 4 s 6 70 8

‘ 26(deg)

‘ B 4.51 MR BEIEZTLEE AZ80 X-HRATH K

‘ Fig.4.51 XRD diffraction result of the AZ80 alloy with different power of pulse ultrasonic (T=690°C,

t=50s, d=210ps, D=510ps)
(a) without ultrasonic; (b) 316W; (c) 447W; (d) 788W

‘ HE 4.51 775, BELE 155 J5 AZ80 BEEF o (Mg) [I(101)F1(100) & i B X

‘ R G SR REER KT, WO7E(002)H0(103) & [ 7 % N i i (SR P SN T 5 BEE S

| SEERRS (R IER, o (Mg) ZE(101) . (002) FI(100) W& 1 FOHT 5 98 B v B PR AR .
METETUEH, AZ80 A EBALTBELELUE, MgyAl, HESZE

‘ WS H TR &, XRBES IR BTSN MgnAl, MERSHMKAT,

j T L A B (R T MghAlp H7E411). (332) (721)F1(S10)E FE R B .
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i X F LT (L) FOE BARSZHFAENESSUELHYA

4.6.2 BihiBEALIEN AZR0 SRR ENMEIL

K416 RAHL RN RSMEERBHERRKT AT ELEE AZOEE ST
BMgAl )M B FE S a FIKEHE . B X-H 4TI 50, B(MgyAly) HE&EL
A& ABLILEEN. R 416 TUEH, 2TBHELEER AZS0 44,
B(Mg17A 1) AR FKEH B a0 MIXT T LB AL E K SRR E BB EARRE MR, RH
REkMEEDNER 447W B, pMgirAlyn) HKIREEH a HREEF LR
10.57788 nm #/ME 10.54491 nm, BEEMMEAETHRIEK, B(MgirAly) HIEEEER

BHTEK, BEUIHLTEELER b,
& 4.16 B/p _FEKRBRKHBE LK) AZ80 B EF BMegrA)HRESH
Table 4.16 Lattice parameters of B(Mg;7A 1) in AZ80 calculated from least square approximatation

Treating 1 ,cos*0® cos’ 9)

o
condition HKL o) a/om 5 sin © 0 %/ nm
690°C (411 36.019  10.5697335 1.0765517
Without (332) 40.008  10.5610736 0.8763845 . 10.57788
ultrasonic (721) 64.712  10.5762118 0.1816865
(510) 43.611  10.5732835 0.7243787
690°C t=50s (411 35978  10.5713795 1.0788139
T=510ps (332) 40.010  10.5603184 0.8762932 10.56282
D=210ps (72D 64.788  10.5651540 0.1769597
P=316W (510) 43.652  10.5638370 0.7227833
690°C t=50s (411) 36.075  10.5538702 1.0734693
T=510ps (332) 40.141  10.5595549 0.8703293 10.54491
D=210us (721) 64.920  10.5460142 0.1784784
P=447TW (510) 43.699  10.5530305 0.7209579
690°C t=50s (411) 35906  10.6018966 1.0827978
T=510ps (332) 39.899  10.5912916 0.8818334 10.57738
D=210us (721) 64.670  10.5823346 0.1823384
P=788W (510) 43.540  10.5896854 0.7271481

4.7 p5ihe

Rk A WA A B B A D TR B AR R ESER, FEEZL. B
RN RS ENE, NTSIEBEETTREg. EhpMEESINERL. TS REEE
AREPFENEZUERERXENZLSE, WHEAREK, FESEK, #iE+
FAMEASBERES . SHREET—ENRERNSETRERBRF>LEmER,
X — VI RERERIN B R, DUREAREREN. ZUEERBREZIKRKDN
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A KFE BN (#) Fo¥ hAREFTRENUS UL AT A

R, HPRNSWEATURERTRALRER, NTREZHEAM=E. 5,
AW, XEEFZWERT, 28 &ERNSRESBMMHEERITHR, M
TaRRHKK, EENEDIMN; FIRE S IRAIERR R AR S 2 BER R &
i, (REEFEZEEM, SEBBEITHWRE: RN RS REREREMEENE
BHEHS, BB THENBERE, WH T RRmEKES S,

RBFEKK N LTS, RFEKEERTRTA:

R={1-exp[-Ah(Tw-T)/( Rg TuT)]} exp[-AGY Rg Trr]

AH, Ah HEEEER; T, AREFTEE; AGHREEKEIERE: R ARBE
. BREKPEER AGFEAERTY BN BT ERRNBL2AG, BT &K
ERARNE B HEEEAG, TEINGEEKBERKNZNE X EZRIA LN HBk
EREAGp WM. BRI, EAMETRFOT S, FRFHT BBEREX,
A G R K BE BRI K o B 75 37 P SR K B 75 22 A RN 78 A R A SO R o SR S 5 T
FINRE THERENKE, BIETaEEKEE.

HEBFE R ERKE, ERIEREP=EEERMN, TE#EDESRHRBN
HREEE. IHELEREEEE, EKEBNEHNE, XRNALRAIREN, TE
gE AT, BAFEER. BT, BE SR TERN AR S S #
BNERERER—NTFE, BECEAGREB—IRAEETFEREREREARR
A, Tlkm@EEZRE &4FPRIRINE, AR, Kk EMKKE RS ZE o6 222 1E
HACh FEFEMDERM.

fkrrB X A BEF R A AN, BAMERE EIKE. BB ER TR
Pk EEEEMERARRE SRR BHNLE. EkmEFNATNA, #5
BERKDESN, FSEAIRENIERGEE) —REEL) KAMRNL, R
B IFFEA KB R R /DR &, XE/NIRE RRTEE AR AER T, 1Ry
SR A BB AR SN AL, BHER, FRRAFNSZ, 7ER-BR s
KA KRB ENAEK: B EREN, $R84%GEHEEATIMEER TR
FELfR, BN LR ONETEFENRERT R T K2/ SR AKE M, FH
mBERERIFKK. ATk ARER, Nar=dRmEwme bhRd®. bkt
FHA A4 BRI A — Nk b 8 34 18 Bk o 8 7 5 A (T VR PR B ), K TE K T — AN
WMREREARERNREEK. BR, kB ERTHEENERRELEER
LA, ToERERIEEA, © XS RZKREENN RN RRE—EmnE
6], FAREKKRTEREM, XA 65 ke S i Rk 2 R B XH,
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ik FHLikt () Eo¥ BARAERTREAMNESS UL N Y%

RGN S S GN LR N ER IR ¥ S

BRI E R LR RN LTLURR, EEEASCERFEET, BERA
32WHT AL ES0sET, AR BN R BRN G955 AL, ARG ME226W
BHEA R E G T FHUAL, SR AT IR (BZERK S B R R E RS,
TR AI6WE, BETURIT BB, G HE E T, B TESEERE
o {5 RN R I —FF BB, Bk 75 B A A B 55 X R
B, FREEFERMTAMNFERANESEE, JTEXS—eRERBEHR
R 1 £ PHALE, HAFFHEH.

BREFRMRELRLRD, AZ0AESANGHEMHERTMYRAEHAD, KA
WHIXREBFHEARFHRKNER T A SHRLIAS, EAHkEEERMNL TR
BEREMMAL. TS, MRAALRREKRINEBEFMTHITHIE BLAARE
R AT REBRE K R K 2R LRI, RIGIIASAL LK R4 HIIESE T XM
B, LA H60W/em’lt, AS4IALER MK M K 2T LT RE LA K
Bl tag. ;

B4 SR AR ERRERE VAR BERBEEERNK, AFTE
ERERKTHES, ARTEUENNEE. REESLBEEEE, dTREAS,
ARG AR TR, SHRERE, BEPSHELNE, ZHBASKSEH
K, HBRHSEHHNIRE. EASAEERKANERES, SRHRTREE K, FH
HABKRAER, ZURABRANERENERSATEREH®E, XHSBZEH
HWRE & BB EERE, EREHMEA, HEETHEMIBERE. ERERRE
T, BIETHE (135W) BAEKHENT 2R, XS saB s s g,
ARERBIELT XK, ERAOBEFHREN KB ENALNAUBRELE.

FEASNEEART, MkrhBAMALGNEMALRT A DR REFE AR, B
Mg S AL R IR R KR . B FMe Stk AR B RS S(1085 C), RE AR
R Ak Rk AP AR BN BRRS, A EHR TMe S, XM TRAEH
P AR AR R MR AR, —FEER TR MAKE RS,
B—HEAMNAEBMSIER, R KERZR, A8, W& REHRENFE R INE
SITEA&T T, #ASI MY A RRANHEATETHHT, FETMeSiHMAHL,
AL HIEH TXA.

-106-



R KRR (L) FOF WAL EFFTLESUSLMENG Y%

4.8 ING

(1) BKPPREA AR AL ER AL 08 B R AILAZBO 5ASH SR B S IR . B4IEZE
FERLEJE, AZS0E SREFHA PR GEI, WIRE-MgrAl MM RELE L, AHER
B/ ASA15RE SARNP KM SR, FREk.

(2) BFFAARBENUREEFHIER GRE) LB, BAERE, LR
BENKE. AHETESHEX, Kb, BHENDENLENERIERNEHEE,

(3) BKEERTLABERESHAN, LEIHE, LBE, CBEETESSM
MALHI AR SIE AR BRPia 75 B K Bk 58 46 B A S R TR A R A 1
WIEFR %, Bk, SRS S48 A A R E ARG W SR AN RN
EEREKLL

(4) xLRF, BENKPEEFTRE FTBAALREB .

(5) Bkt P A R & SHE VR Y B 3 U SO B A1 40P (U4 AL KR 8. AZ80

B EFHIBMgirAlL )RS H BB Rk 75 M Th 2 A8 K 2 BLAE/INE IR B
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R RFHELFR (£X) FAE REZFRANELSHFHRENY A

21T BEZEAEMESEHF RN
5.1 EEBEZELIEN AZR0 5 & hFMaErE N

5.1.1 hEHEMRER

£ 5.1 RRLBELBENEHELBEIER 124 W, 432W, 723W BHHE AZ80 & &
SMEE N FHRARGR, FHRRENERREOZLEHME 5.1 fir, TR
MRS ME 52 Fi7R.
# 5.1 EHEBATHRMEE AZ80 BEEHFHERIEH

Table 5.1 Effect of continuous ultrasonic power on mechanics properties of AZ80 alloys

Treating condition o,/MPa 002/MPa /%
650°C  without ultrasonic 123 78 2.75
650C 355 124 W 179 91 4.80
650C 355 432W 186 104 5.07
650C 355 723W 176 81 427

Sy and So.2 /MPa

0 124 432 723
Power/W

Bl 5.1 HLERBAEINES AZ80 A SRR RE L BREE YW
Fig.5.1 The effect of continuous ultrasonic power on the tensile strength () and
yield strength (c,2) of AZ80 alloy
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FAKFRERZT () FEL¥ BAEZFHEEOLAFRHEAY R

T=650"C
] t=35s

0 124 432 723
Power/W

Bl 5.2 ELLBEIEXT AZ80 A & EME LW
Fig.5.2 The effect of continuous ultrasonic power on the elongation of AZ80 alloy

HERSIMESL 52TUEY, BELEE AZ80 40N RENTHE
BHBRABENRE, EREEEE R, BELREDRY 124W KN, 24058
BHARGEE LI 123MPa F+E 179MPa, EMEH 2.57%EBEE 4.80%; BELBE
ThEMKE] 432W B HGUR BB AT RS IR KR E] T 186 MPa 71 5.07%, TEf
ZFKIBAN T LB LR ZIAS T 84.4%, HRIEREKIEETIT 512%; M7 4
BHEH—PHRE, &E&NFRBETFHREE, BHLTaECEN KNS,

R ALEXT AZ80 B A & B AR MW B ARG MR RN E MR M4 S
%, BEENBAELBEA O ARKREENRELERERE, F£ALRSD, BEREY
650°CHIFF 432W HIBATIRFAMLAPLIE 35, B MRRIE b RBEER L E
78MPa F B E 104MPa, BKIEAZEIT 33.3%. T, SEMBHELELENTFESES
KRR EER M.

K 5.2 L HE R E I EIRN S AZB0 A 4 1 L LR B

Table 5.2 Effect of continuous ultrasonic treating time on mechanics properties of AZ80 alloys

Treating condition o,/ MPa 602/MPa 8/%
650°C  without ultrasonic 123 78 2.75
650°C 432W  35s " 186 104 5.07
650C 432W 60s 156 80 4.27
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R KFHEEKT (X)) P5% REZHAENHELSEHFHENY A

T=650'C P=432W

2001 N o},
180{* -,
160 4

& 140

b3 ]

2120-

° 100

° ]

8 g0l

-]

° ]

0 35 60
Time/s

Bl 5.3 A amatE)% AZ80 B4 &HNRE 5 ERERE K LM
Fig.5.3 The effect of treating time of continuous ultrasonic on the tensile strength (o) and
yield strength (0o2) of AZ80 alloy

R 52 RAGHEERMBENIIE R 432W HBERE L 35s. 60s FRHA AZ80 5 &
SHBEAEERE, BHNRENERBEEESRFNENRLERWE 53 iR,

Hi3% 5.2 A 5.3 WTLARIA, MEFAALEE 355 1 60s J5, AZ80 & &MHiIRE S A i
KZHBAER R 123MPa 7+ &2 186MPa 1 156MPa, FE{#HZ 0 2.57%R & E 5.07%
1 4.27%, IR AT 35 B, SRR R MR RFKIE D BIER] T 51.2%F 84.4%;
HAE LT 35s i, SENERBEEAREERKA, EBT 33.3%, {BREHBELEIE
MK, BRBEEEE, SRETEFCENHLEZUAERAL.

LR L, AR E BT UAKIBERE &S0 R LR,
EEABAENEM 123W B4EF] 723W B, AZ80 BA &K H#EH R & RPR LR REARRY
F 4B B AR (6] M 35s 2 60s i 2t RRMR(LIBE B /M ek, WTBUB, AAK
WP AR E LB RIS S FH RN R E AL,

AL, MBI H 650°CHY, B Th 3k 432W I AL B 355 73 B I % A& AZ80
HASNBRES NEM R, TUMEARLRAFELBE R R BENRRFZHLZ

—
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5.1.2 FLfRETOFIR S

;.:@‘"E{;%”’f?"*’f”?’ﬂ e g
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,‘ ‘"-«fw?’-iw‘?{if‘?;ﬂ S 06
‘ - ”‘K‘l“"f"} ﬁ% ; ;‘sﬁ "~y
P@Q Sl o

PN e b il ! S TR AR Y gu.: .
%"“ £ Jl ;%’ﬂ( 8 B R
R e fg—’xs o %;ig o
k\ RS “{i?' .ﬁ DA N
fo P‘ wv”i % Py ZEp i S g 2
I > ‘i’” IR .

42 j{%‘\' ,. % Wd Lot ]

R ' '7 ,,, A’
iR Bl
.&ﬁ W.& EYASA
54 AZ80 %4&&¥i N SEM %%R
Fig.5.4 SEM fractographs of AZ80 alloy

(a) without ultrasonic; (b) 124Wx35s; (c) 432Wx35s; (d) 723Wx35s

54 BHRREEFELEMBEELHEINEN 124 W, 432W, 723W F4%A AZ80
KESHMUETD SEM FEH. LBALIERN AZ80 & S aH M D2 L B30 10
Bt iR, REAFH >EBBWBIFERFTRIEE CBEa%5H68), BTESRNS,
HE @) VR, E—RBY EH ZRBEUHI, AW E EILEEF RSk,
RATIFIREIER R, K 124W MR HELE 35s i, SEMOBRRETEEMNS
e, EXOLHAARBEEART AYNDE, BMAERENEEN 24K, &85k
EINRBKE 432W B, FROFRIEEAERD, SHRUTEHEENETHART X
MEAKS, RARKBIARERNH, —KiAh, EMARKNEERES, BHERM
WAKERNRBEREREENER, FRAML, MARERNNESHERTE
RENBPUHHR, MARBHBEAEAN & EOEMEITIREL HEUREERE
YRR BEERAIEYKE 723W i, #ROMREEYE, SREHEEEEH
TF.
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Fab KL (£X) PE%® REZHREASESLHFHRENY A

52 BOhBERELEN AZ80 HAE N F AN

5.2.1 hEMENRER

%53 BRI FIRKZBAEMIBABELEIKTEA 75us. 150us R 210us HH#F&
AZ80 BA S M EE /12 EEs, HyTH50 R A E IREEE A 3R R 5.5 BTR,
HEAH B B E 5.6 B,

H4KRSIAMESS, 5.6TUEH, HALNHT, BELERE AZ80 MFhKEM
EHEHEHEMRE, THEEBEKEN 150ps B, HiREREHLESE LSRR
123MPa b F+% 184MPa, FEMZRE 2.75%RF 3] 4.92%, BEEBAKENIEKR, Hinig
BEREHERUFK, BERBERRANEL, BEKER 210ps i, JEREEHE
Bkt 78 MPa LA ZE 101MPa.

RSIFBAZOBEES SR
Table 5.3 Mechanics properties of AZ80 alloy
Treating condition o,/MPa oo2/MPa . 8/%
650°C  without ultrasonic 123 78 2.75
650°C P=727W t=35s T=510us D=75us 162 82 4.34
650C P=727W t=35s T=510ps D=150ps 184 76 4,92
650°C P=727W t=35s T=510us D=210ps 182 101 4.80
T=650°C P=72TW
180 D=510ps d=75us
I )
160- —
E 140 | W92
~ 120
(=3
° 100
-
2 80
-]

0 75 150 210
Pulse width/ps

B 5.5 BkaExS AZ80 B &bih R L e RIEM KW
Fig.5.5 The effect of pulse of width of pulse ultrasonic on the tensile strength (o) and yield strength (0.2)
of AZ80 alloy
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T=650°C P=727W
54 D=510us d=75ps

0 75 150 210
Pulse of width/us

5.6 BKEXT AZ80 B4 & MR I H M
Fig.5.6. Effect of pulse of width of pulse ultrasonic on the stretch ratio of AZ80 alloy

LIRS HTAT I, Bk AR R A BT LUK IR R & 00 21 s A il
PRI R 650°C BRI N 727W. Bk EIHIH 510ps. BKEH 210ps. EE LT 355
AT AR OB UK rh B 75 AL B A SRR AT h 2 R B 2 —.
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Fig.5.7 SEM fractographs of AZ80 alloys (T=650'C,P=727W, t=35s, D=510ps)
(a) without ultrasonic; (b) 75ps; (c) 150ps;: (d) 210us
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kgt (L) FE¥ BERFLEANEL SN FUHROYA

522 HHETORHD T

B 5.7 4 BATRENE A FKEBERE ARG AZ80 & &#% A1 (417 1 SEM
3. TAEAEALER AZ80 &4 MRl O - LIERERA ENRMENER, RRGERIR
AR IR BT TIRAERE (R4, RE@), TUEH, E—RBALFZK
B, TEMRE LLPERIPESEN, RARKNKESNR. —&ih, 5
JBERA S & AT R AR E L PRI, ZESF MR, XE R
BHEERSEH, RO TUHBWARLOHERABRRT R, ERAHEERANE, ©
REAMHHER, Ri@EtBRE, 4eMOERRET BENTL, Mo TR
+4 8 BB P R RS E, SBA SMEM RSB KB RE, 7T LLE
FEAEREREA, KOFSMRIEOEERNIES, IRER, MXLRERE
SR N FEARTIRA,

53 SHrihie

SA SRR HE R, FEREMASBU=HSEN, TH&ELE
T8, BATHAFTEH, ANTAROLHREOLY RETS, EHATEHRE
WEBRD, BHEEBRERE, REACANEREFESORENERE THER
BN EE A EEREn —&ih, RAEALSIEASTHNERIERRFE
%, Hauser ZUNTETESSTUETALRNTIHBARBE (GBS), R
Hall-Perch A3 o700 + KA V2 BT 40, 449558 BE SRR~ /N CE 7 5 s in, 4
RENTRESSHBHEMZEDN, FRAERH, JEESHNALE) lum ZHH,
B BUS B RILE, SBEREHURZE FTHROMZLRE, NTAKHESSH
HEtERE, BERFEBENT,

HET LA A, BELEESRATURKALER. BITATLER, £LE
LN RIANBEEEELBLET, BAS2BALER, AENRRRT HERRE
231.5um WP E) 135.2um, WTTRK KR &SI FPERE.

R—H, AZ80 E&EME M (B-MgpAlp) MEARHBRKMER. KATA
&0, 5 DR F AT LU B B R A B B, B AL B R R 1 A 5 AR TR,
sRgeit, W, XHERBRE AT, X—IREFENETIMIGE, FERS
MR A, LA RERAL. (BRS MR TLHM+29/D, KB, HEER/, W
BRALBCREREF . RATEE, MASHRERBRKMTHAR, BLREEBHE TSI
WED, TIXHMHAEESEANEREREERE—EAFT), dixxmam, KR
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R KFRLZH (L) FLE BRERFTAEBNYS LN FNEN Y%

R B-MgrnAli HSEAREE(0001)FAT, T AZ80 A4 &H EEMMBREERE
Ly BTEAKHR B AL 4B B0 ERHE R BN, B & S BB IR 3 RSB SR
SZIXMMRTELNME M B-MgrAl A, TELE p R T SHERTERI, &
REF ERALTEE, X545 B A S LHIEK, XF B XA NEE R R
K, MESHBANFBRBIT. Tk pHTHES, S4BERE, BAH LN
HB%, SREEHARTROMENHE. Sl MTm, 250 UE X%
B8, SEHRIELERR B AN PRELENREH, EENRAREH, N
MAKER T &S HRE,

54 NG

(D SxREBEFELEAL, REeREEEETRKTEHREHEE, AZS80
BEENHENEEBAT EEES.

(2) AEELBEERHREXNAZOES SN ERTWIRET, S&M 2t
FEEEFERE AR RET RIS, LEELEEMENISsxa2WH &4 52
PERERE, BN HURERREIRE T 51.2%, /B RIRAE 301 733.3%, FEMERE T84.4%.

(3) EMMBEERTLEN AZS0 BEEHEMEEHNRE T, T=650C
P=727TW. t=35s. D =510ps. d=210ps HMKHBHE R TR BBAREEE N LN S
R, HR GRS RSB R BT 123MPa $2753] 182 MPa, JERIEE
78MPa #2752 101 MPa, HEMEWMIEET 74.5%.

(4) SREEEZEREML, BERERERE, AZS0EASRMKOBERE
TEZENRN, WOFYENERESL, IETR.
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EXUUJLM AZ RFIF AS RIVESEARNR, RALR T ELHEHS Shkhid
FRThE (GBE). FELEMNE. RELBBE. hKhBEKES ARSI 355
FESHBRBEAL R EURAEN. YERERESSNBHRE, AHRBRIKEE
T—FREEE S MR SHARKAERIE %, HEEBBRIRERIN AZ R
FIF AS RIVGEESHLAK R EMBHESTRET EBMIFE. EXRUUTAANE
B4R

() BELEFRABEEFFLRENES SREAL SR, RAEEAL, AZ
EETHFRE-MgrAlME MR EL: AS415E SALP Mg SIHAL. SREUL.
BERTABARESEERE. BEE. BERE, DRSSk, As
TZ88HXK.

(2) BEBERHLIEAZOEERT, ®IhFE G SR KA 02 E LB
ARBET ISR AU R BEDEITASI & EBENEREE—NBRRE: &
FH100W(14.1Wem?)i, BEET A K BRI, ZEARRTEN, 650°C FAZ80
BASHBNBINAT AL R226W (32W/em?) x15sE(32W (4.5W/em?) x50s; T
ASHEA SR BRMIL &M R268W (38W/em?) x50s. AS414 & HIMe,SiAflBE A I
R FEAL, BEEFFNEMUFENFETLEREEE BENFEEE—DH
&it. ’

(3) Bk AR T RE AN EHMAR MR SEEB AL Rk
REREEK RN BB RN SREABNRMDENLEREL. AXRKTEH
W,690°C BYAZB0%k & & 18RI B AR A F 41k &4+ HP=316W.t=50s.D=510ps.d=210ps;
700°CHfAS41 8 & SR AN B A H MUK AP=430W. =20s. D=510ps. d=155us.

(4) EEBHBEFTFLEY B ESRESSREAR P 0SS, B
5@ENERMAT A K. XA 558 55 B B R R P sE T H A
KTEEBEELHER.

(5) BERALAEBHMSESBESBHEEERE. 432W (7.8W/em?) x35s0H
B, AZSOBEE &MIPIIIREIRE T51.2%, EREEHBERT33.3% EWRRET
84.4%.
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